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INTRODUCTION 
The automobile has created one of the greatest sociologi­
cal, economical, and psychological phenomena of the twentieth 
century. The United States has played a major role in this 
phenomenon for it produces more automobiles than any other 
nation and has built more miles of highways than any other 
nation during this time. These great strides were not without 
sacrifice however, for this nation also has one of the worst 
motor vehicle accident records. The huge loss of human and 
economic resources, due to motor vehicle accidents, is stag­
gering and should be of great concern to everyone. 
In order to visualize the enormous growth in automobile 
transportation that is taking place in the United States and 
to understand the seriousness of the accident situation, one 
must be aware of the following figures. In I966 the people of 
this country drove approximately 932 billion miles, built 11 
million new automobiles, imported another one million and 
scrapped approximately six million. This was a net gain of six 
million new automobiles that year. In total numbers there 
were 96,100,000 registered vehicles, not including those owned 
and operated by the federal government^ driving on the streets 
and highways of this nation. In addition to the number of 
vehicles, the number of drivers is on the increase. In 1966 
there were 102 million licensed drivers which was an increase 
of over 4 million from 19^5 (6). 
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All projections of the extent of highway transpor­
tation in the future indicate that there will be a 
continuation of the present dramatic rate of growth 
in registered vehicles, licensed drivers, and vehicle 
miles traveled. This will mean a continuous rapid 
growth of exposure to traffic hazards (1, p. 3^7)-
With this ever-increasing growth in highway transportation 
it seems logical that all presently available sources of know­
ledge and information and that which will become available in 
the future must be utilized if a safer and more tolerable 
driving task is to be achieved. Therefore, research efforts 
must be accelerated in the hope of finding early solutions to 
many of the problems involved in reducing the ever-increasing 
number of traffic violations, accidents, and fatalities (4$, 
p. 1). 
Traffic accidents are due to varied causes; driver fail­
ure, vehicle failure, carelessness, violation of man-made laws, 
or violating nature's laws. Even though several causes are 
listed, nearly all of them are related directly to the human 
element. Without question, the human element is the single 
most important factor in the cause of traffic accidents. In 
fact, 85 per cent of all traffic accidents are due to human 
error (1, p. 12). Since this percentage is so high much more 
research must be conducted concerning the human element. 
Accidents.have been very difficult to predict because 
there was no feasible way of collecting pertinent response 
data on our nation's drivers. However, now that there is 
equipment available, such as the type used in this study, the 
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collection of data concerning human response can be done more 
accurately and economically. As a result, in the not too dis­
tant future, the human response element may be brought under 
some degree of control. If so, one of the nation's great 
social, economic, and psychological problems,—traffic acci­
dents—would be reduced considerably. 
As stated, it is apparent to those who drive on our 
streets and highways that the number of vehicles are steadily 
on the increase which creates and will continue to create many 
problems. The statement made by Strasser and Aaron (1, p. 329) 
expresses the magnitude of this problem; 
Safety on the streets and highways of the nation is 
one of the most important unsolved problems of our 
times. Any phenomenon that has taken the lives of 
1.5 million of our citizens and creates an economic 
loss of approximately $8 billion annually must be 
recognized. 
If the United States were gripped by a deadly plague with 
the loss of over 1.5 million of her citizens in 60 years, an 
all out effort would be made to immunize against that plague. 
However, more than that number have been killed in motor 
vehicle accidents since the introduction of the automobile 
over 60 years ago and to date a solution for controlling this 
problem has not been found. 
Much research has been conducted in the field of highway 
safety and valuable information has been compiled but much 
more is needed if this great social problem is to be solved. 
The results of many years of research indicate that the 
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traffic problem is made up of three component parts—the 
driver, the highway, and the vehicle—and of these three com­
ponent parts it is the driver who creates most of the problems. 
In fact, drivers are responsible for approximately 85 per cent 
of all traffic accidents. This is supported by Arthur D. 
Little, Inc. (3, p. 37)j who state that 80 to 90 per cent of 
all motor vehicle accidents are due to driver error. 
Driver condition has been a significant factor in this 
involvement. "Falling asleep at the wheel" was the greatest 
single cause of accidents due to driver condition. In those 
fatal accidents where driver condition was a significantly 
contributing factor, 4? per cent of the drivers were listed as 
having fallen asleep. An additional 15 per cent were listed 
as fatigued, thus accounting for a total of 62 per cent of all 
such "incapacitated" drivers. The next two driver conditions 
in order of importance (6 per cent each) were defective eyes 
and illness. All other driver conditions were so insignifi­
cant as to warrant no further consideration at this time (4, 
p. 57). Alcohol as a factor in driver condition is not in­
cluded because drinking is a self-induced act. 
Fatigue being the condition immediately preceding falling 
asleep, a logical approach to this problem seems to be in the 
area of human physiology. In other words, the physiological 
changes which take place in the body before and which accom­
pany the onset of fatigue are important to know and to 
understand. 
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The solution to the problem, therefore, must be geared 
directly to the driver. If a prediction could be made when, 
in his driving pattern, a driver would be a poor risk this 
seemingly would help to solve the traffic problem of today. 
Human behavior is difficult to study, let along predict, but 
research involving scientific developments and instruments 
such as found in the Highway Systems Research Car hopefully 
will make this task easier and much more valid. If an accurate 
technique can be devised which will indicate when a driver is 
accident-prone or is a poor risk to himself and/or the motor­
ing public many lives can be saved and many injuries prevented. 
Purpose of the Study 
The -purpose of this study was to acquire further informa­
tion about and a better understanding of the physiological 
changes that take place in a driver of an automobile during the 
first one-half hour of driving. To date, many studies have 
been conducted on the effects of fatigue on driving but little 
information has been found on the effects of driving before 
fatigue becomes a factor. Ryan and Warner (48, p. 40]) suggest 
that additional research is necessary in this area: 
While there is abundant evidence from everyday 
" life that fatigue of automobile drivers, particular-' 
ly that associated with dozing, causes accidents, 
there is very little experimental evidence bearing 
upon the effect of an ordinary day's drive on the 
operator's efficiency and proneness to accidents. 
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More experimental research along these lines has not been 
done prior to this time chiefly due to tîTe lack of highly 
sophisticated equipment and highly trained technicians. Before 
the development of the "Drivometer", the collection of certain 
pertinent data was impractical and much of the data collected 
was under simulated conditions. This is not to imply that 
collecting data under simulated conditions is not useful or 
valid but the use of actual conditions is the ultimate in re­
search design (8). 
Basically, the "Drivometer" recorded four basic functions: 
accelerator reversals, brake applications, speed changes, and 
steering wheel reversals besides running time and driving time. 
The "Drivometer", small enough to fit into the glove compart­
ment after a few modifications, revolutionized the collection 
of driver data. This device proved to be a worthwhile tool 
which monitored each function of the driving task and which was 
used as a measurement of a person's overall driving ability. 
Since the development of the "Drivometer", a new and more 
advanced device has been developed for the additional collection 
of specifically physiological data. The Highway Systems Re­
search Car, developed by Ford Motor Company, not only collects 
data on accelerator reversals, brake applications, speed 
changes, steering wheel reversals, running time, and driving 
time but also senses the driver's heartbeat and galvanic skin 
response which is a major breakthrough in understanding driver 
behavior from the physiological standpoint. 
The purpose of this study was to answer the following 
questions: 
1. Is there a significant change in the heartbeat of a 
driver during the first one-half hour of driving? 
2. Is there a significant change in galvanic skin re­
sponse of a driver during the first one-half hour of 
driving? 
3. Is there a significant change in the steering wheel 
reversal rate of a driver during the first one-half 
hour of driving? 
4. Is there a significant change in the acceleration 
rate of a driver during the first one-half hour of 
driving. 
5. Is there a significant change in the brake reversal 
rate of a driver during the first one-half hour of 
driving? 
6. Is there a significant change in blood-pressure before 
and after driving for one-half hour? 
7. Do different times of the day Influence the above 
results? 
Definition of Terms 
For purposes of clarification, the following terms are 
used for this study; 
Accelerator reversals (AR) represents the total number of 
times there is an up or down movement of the accelerator 
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pedal of 1/8 inch or more (one-half count each way). 
Brake reversal (BR) represents the total number of times 
the brake is depressed 1/8 inch or more per minute of 
driving. 
Drivometer is an electro-mechanical device which monitors 
each function of the driving task, recording them on a 
digital counter, thus measuring a person's overall driving 
ability. This device records a driver's accelerator re­
versals, brake applications, running time, speed changes, 
steering wheel reversals, and total time (19» p. 24). 
Galvanic skin response (GSR) is a reflex response of the 
sweat gland cells, which can be detected only by electri­
cal amplification. The reflex sweating response in man is 
involuntary (a respondent) very sensitive to emotion-
arousing stimuli...(l6, p. 29). In this study, the vari­
ations of the GSR's were observed under actual traffic 
conditions. 
Highway Systems Research Car (HSR Car) developed by Ford 
Motor Company, is a research tool designed to aid in the 
gathering of accurate physiological and mechanical re­
sponses of the driver and inter-correlating them. This 
equipment senses the driver's heartbeat, and/or galvanic 
skin response, vehicle control movements, and vehicle 
dynamics. 
Steering wheel reversals (SR) represents the total number 
of times the steering wheel is turned two degrees or more 
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per minute. To record lane changes or turns, the steering 
wheel must be turned 12 degrees or more in either 
direction. 
Sources of Data 
The data required to test the hypotheses formulated for 
this study were obtained by collecting response measurements 
on selected subjects by means of the HSR Car. 
Since this particular instrument only recently was made 
available to research institutions, there were no records to 
which reference could be made. Consequently, the results that 
have been obtained cannot be compared directly with any other 
study. 
Delimitations of the Study 
Although variables were controlled as much as possible, 
a few limitations were necessary in order to complete this 
study. 
This investigation was confined to subjects selected from 
male students between the ages of 18-25 who were attending 
Iowa State University. This age group was chosen rather than 
any other age group because nationally, male drivers between 
16-25 years of age have the worst driving record (39) > and 
such a population was readily available on the campus. 
For the purposes of this study, homogeneity was desired 
and thus another limitation was that the subjects were selected 
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only from those who drove Ford products. 
In addition to being subjects who drove Ford products, 
another limitation was that they drive cars with automatic 
transmissions, power brakes, and power steering for this is 
the kind of equipment found in the HSR Car. Pressure of time 
precluded using drivers unfamiliar with the regular automotive 
features included in this test car. Drivers who were as simi­
lar as the sample permitted were used. 
Still another limitation was that of the total number (N). 
The equipment used was available for a period of only three 
weeks and therefore it was not possible to experiment with a 
large N. The experimental design called for sufficient repli­
cations of each experiment such that it was acceptable to the 
statistical department of Iowa State University. ~The nature 
of the experiment controlled on the small N. 
No attempt was made to control the activities of the sub­
jects before they began each day's drive except that they were 
asked not to drive any other vehicle prior to that day's test­
ing, on the day of testing. 
No attempt was made to control traffic or weather condi­
tions, except that no experiments were conducted when it was 
raining, foggy, or extremely windy. The reason for this 
delimitation was to provide for more uniform driving conditions. 
A final limitation was the use of a uniform route. Each 
subject drove the same route for each test drive. 
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REVIEW OF LITERATURE 
Literature related, directly to this study is practically 
nonexistent. The equipment used in this research had not been 
developed until recently thus the literature that could be re­
viewed was related indirectly to the study but did play an 
important part in its development. To date, studies have not 
been completed the results of which could be reviewed, other 
than the initial testing of the equipment by Ford Motor Company. 
Many studies have been conducted on the effects of fatigue 
concerning driving efficiency; a few studies were conducted to 
determine what effect driving has on galvanic skin response; 
some studies have been conducted to determine what changes 
take place in the heartbeat of a driver while driving an auto- • 
mobile; studies using the "Drivometer" observed overall 
driving ability by recording accelerator reversals, brake 
reversals, and steering wheel reversals; however, none of 
these studies combined all of these variables. In addition, 
studies could not be found which specifically analyzed the 
effects of the physiological changes that take place in a 
driver during the first one-half hour of driving. 
The literature reviewed has been divided into the follow­
ing related areas; fatigue, galvanic skin response, heart­
beat, the "Drivometer", and the HSR car. 
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Fatigue 
Fatigue is one of the major problems of human functioning 
according to Fraser (23). Much research has been conducted on 
this subject yet a definition that is agreeable to everyone 
has not been formulated. Armstrong (2), supported by Hartley 
and Chute (7), and also by Hornstra (28), said that fatigue is 
difficult to define as well as to measure. 
According to Bartley and Chute (?), Greenshields (25)»' 
and Piatt (43), there are at least three kinds of fatigue: 
subjective, physiological, and objective. Subjective fatigue 
is defined as having the feeling of being tired. Physiologi­
cal fatigue is defined as being caused by different bodily 
changes taking place. Objective fatigue is defined as the 
progressive deterioration noticed in an individual during a 
performance task. As further literature was reviewed, another 
definition of fatigue was that of skill fatigue by Crawford 
(l4) which he divided into three stages: The first stage 
being where a person's timing is affected; the second stage 
showing a person ignoring some of the elements of a task; and 
the third stage is when aches and pains are noticed. 
Hornstra (28, p. 202) goes on to say : 
Except in the case of muscular fatigue, fatigue 
is a matter of emotions. Fatigue is lessened in 
proportion to the degree which work is satisfying 
and congenial... it is concluded that fatigue is a 
psychosomatic expression of partial frustrations and 
that this is a reversible process. 
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The various definitions cited above show that the word 
fatigue has different meanings for different people. There­
fore, to know what kind of fatigue is being discussed is im­
portant in order to understand fatigue in its proper 
perspective. 
Much literature is available on the various levels, stages, 
or types of fatigue which are important to the driver. How­
ever, fatigue as an impairment of driving is not the purpose 
of this study. The reason the literature on fatigue was 
studied was that it effects everyone, even if in a different 
manner, at different times, or in varying degrees. As stated 
by Eraser (23, p. 262): 
One study in which we have collected some data is 
concerned with the relation of fatigue and time of 
day...it is interesting that with the subjects tested 
we seem to be able to distinguish two rather opposite 
groups. One group tends to show a h&gher fatigue 
effort in the morning than in the evening, while the 
other group seems to fatigue more quickly in the 
evening than in the morning.... The afternoon appears 
to be relatively neutral. 
Although more research is needed, this would tend to con­
firm the belief that some people are able to arise in the 
morning eager to begin the day but tend to tire earlier in the 
evening. On the other hand, some people can barely drag them­
selves out of bed each morning, yet become more energetic as 
the day progresses and are able to continue later on into the 
evening. Crawford (14) hints at the same idea by suggesting 
that some drivers may be fatigued from other causes before they 
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begin a drive. Thus, even though the study of fatigue was not 
the purpose of this study, fatigue was an inherent variable. 
Various levels of fatigue in order of increasing severity 
were suggested by Piatt (43, p. 351) which are considered 
worthwhile mentioning at this time. They are; 
1. An increase in nervous tension resulting in 
stronger responses to minor irritations. 
2. In acceptance of more errors because of a loss 
of desire to maintain accurate performance. 
3. Larger errors resulting from a higher thres­
hold of arousal to danger. 
4. A momentary loss of operating control. 
5. A complete loss of operating control. 
6. A loss of consciousness. 
The several levels of fatigue described may occur 
simultaneously but it appears that a driver usually 
follows this pattern as the effects of fatigue in­
crease. Recovery from one stage to a less critical 
stage occurs occasionally during the early periods 
of fatigue, but recovery will occur less often as 
fatigue progresses. 
As stated, the various levels of fatigue may progress from 
one stage to another with some people while with others these 
levels may occur simultaneously. While driving an automobile, 
any level of fatigue can be dangerous thus a driver must be 
constantly on the alert for its symptoms. Prokop and Prokop 
(46) suggest that falling asleep while driving is inevitably 
preceded by recognizable signs of fatigue, and any normal 
driver who continues to drive despite the symptoms must be con­
sidered negligent if an accident occurs as a result. This may 
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be difficult, if not almost impossible, to prove in a court of 
law because of the different tolerance levels of different 
individuals. Regardless, this is a moral issue or an attitude 
that must be developed in a person before he assumes the re­
sponsibility of driving an automobile. 
In summary, perhaps the most important findings concern­
ing driver fatigue are in the great variability within each 
individual driver and under various driving conditions. The 
fatigue level is different with every driver and this level 
also can be different each time a person drives. Greenshields 
(25) found that an emotional drive may overcome the physical 
effects of fatigue to such an extent that fatigue simply is 
not experienced. However, the overall findings by various 
researchers in the field of highway safety such as Crawford, 
Greenshields, McFarland, Piatt, and many others agree that with 
long continued driving the effects of fatigue do become a 
factor which causes many accidents. 
Even though there are individual differences or individual 
tolerance-levels of fatigue thè final results are the same. 
Experiments to date indicate that some drivers 
have more skill in tracking than in speed control. 
Others are more skillful in maintaining a uniform 
speed. Relatively few drivers are well coordinated 
in both controls simultaneously. When a driver 
becomes tired, his sensitivity to both parts of the 
task deteriorates (4-3, p. 356}. 
This was further supported by Jordan (31) in his findings 
that when a driver begins to tire he is not as aware of the 
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driving task as he should be. Thus he does not track the 
vehicle as well or maintain as constant a speed as when he is 
fresh and alert. Adding to the seriousness of this, studies 
have shown that drivers normally do not detect when they are 
becoming fatigued until after their driving performance has 
deteriorated to the point where they are a danger to themselves 
and other drivers. 
A great deal of literature is available concerning fatigue 
and its effects on the driver. In general, to summarize the 
findings, fatigue does affect a drivers steering wheel rever­
sals, tracking, accelerator reversals, speed changes, and 
brake appli cati ons. 
Galvanic Skin Response 
The study of galvanic skin response while driving an 
automobile is relatively new in current research studies but 
the nature of this phenomenon has been known and studied for 
some time. Fere (20) published his findings concerning this 
phenomenon as early as 1888 and he generally is credited with 
finding that there are certain changes in skin resistance of 
the human body when subjected to a weak electrical current. 
However, Landis and DeWick (32) point out in their study that 
several earlier writers made reference to the electrical state 
of the skin as far back as 1786. 
Since the works of these men, much research has been con­
ducted concerning the nature of GSR. McCurdy (34) reported 
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that nearly every study concerning GSR showed that the larger 
GSR's resulted when the subject was surprised or when the ex­
periment was disrupted in one way or another. This is further 
substantiated by Hulbert (30) who observed GSR's of drivers in 
an automobile equipped with GSR recording equipment. Darrow 
(15) in his study found that attention, alertness, conation, 
anticipation, apprehension, and sudden startling events cause 
GSR stimulation. 
In Michaels' (37) study he mentioned that Crawford found 
that while studying GSR's of drivers there was considerable 
emotional response when vehicles were turning, crossing, or 
merging in close proximity of the driver being tested. This 
would tend to further support those who say GSR levels increase 
in stress situations. 
In addition to the increase of GSR during arousal or ex­
citement, Darrow'(15) observed gradual mounting of resistance 
as one becomes drowsy toward the end of the day. He also dis­
covered that a higher GSR rate folTbwsd awakening from sleep. 
This would tend to support the belief that a person may not be 
the driver he should be until he has had a chance to "warm-up", 
and thus might be more accident-prone. Taylor (52) stated that 
the distribution of GSR, and possibly of the various GSR-
inducing events, closely follow the distribution of accidents. 
Taylor (52, p. 3^9) goes on to say; 
It is shown that the level of GSR activity does 
not depend primarily on the nature of the road or 
conditions. 
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He reported that consistent variations in GSR were 
related to a person's driving experience and that the more in­
experienced the driver, the greater the variations in GSR. 
One reason given for this is that the less experienced drivers 
travel at speeds expected of them by other drivers or passen­
gers which increases their anxiety level. 
One of the greatest difficulties encountered when compar­
ing GSR's of several drivers is that of individual differences. 
l\'o two drivers will respond the same to identical situations 
although a trend or pattern does develop. Hulbert (30, p. 69) 
suggests : 
The results of this research are believed to 
constitute sufficient evidence of the useful rela­
tionship between GSR and real traffic situations to 
warrant and enable further laboratory investigation 
of this relationship...the possible usefulness of 
the GSR in driver research is perhaps-a first small 
step toward the eventual solution of some of the 
more pressing problems that beset our Increasingly 
mobile society. 
Since equipment for recording GSR is more available than 
ever before and is more sensitive and reliable, many more 
studies should be produced in the future pertaining specifi­
cally to the prediction of human behavior while driving an 
automobile. 
Summarizing the literature on GSR of drivers, the results 
generally indicate that the variety of conflicts occurring on 
the streets are frequent enough and involved enough to place 
drivers under a consistent level of stress. However, greater 
19 
variations occur in unpredictable situations than in situations 
which are predictable. From the literature reviewed, GSR was 
found to be relatively low when drivers had to respond to 
fixed objects such as a parked car or where the driver could 
make a decision on his own terms in his own time. But, stress 
situations such as merging vehicles, turning and crossing 
manuevers, pedestrians, traffic lights, and passing where the 
drivers were forced to make decisions both rapidly and with 
a minimum amount of information resulted in higher GSR's. 
The results, in general, indicated that GSR may be a 
promising means, in part, for predicting driver behavior. 
However, more experimental research still is needed. 
Heartbeat 
Of the investigations reviewed concerning heartbeat and 
driving. Burns, Baker, Simonson, and Keiper (11, p. 210) pro­
vided the most information in direct relation to this study. 
They suggested that: 
...the cardiovascular system is affected by the 
complex physiological stress of driving an auto­
mobile. In view of the general importance both in 
regard to automobile accidents and health protection 
of the driver, the number of observations is still 
small, and more information is needed. Particular-
ily, there does not seem to be any information 
about electrocardiogram (EGG) changes during long 
distance driving. It must be assumed that, like 
any other physiological stress situations, accumu­
lation of stress occurs during prolonged activity. 
The investigations made by these men were exploratory and 
recorded the changes of ECG over long distances of driving—200 
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miles to 700 miles a day without sleep. Although the total N 
was small, the following conclusions were drawn (11, p. 210): 
It appears that significant EGG changes may 
occur in healthy Ss during long distance driving 
which would be considered abnormal in response to 
other stress situations. Although it would be pre­
mature to generalize, it may be inferred that there 
is a significant myocardial involvement in the 
stress of driving an automobile, even in some ap­
parently healthy drivers. Most likely, the changes 
found in EGG during driving are due to emotional 
stress, mediated through the autonomic nervous 
system and hormonal system, particularily the 
adrenal system. 
Another observation made in the same experiment was that 
the T wave decreased by one-half its original size during long 
drives. However, when an interruption of driving took place, 
the T wave recovered to approximately its original size but 
became flat or inverted after the driving was resumed. 
These men stated that more elaborate investigations, using 
both physiological and behavioral measures were being con­
ducted in their laboratories. 
Although Gorcoran (13) did not study heartbeat and driving 
he did observe that changes took place in heartbeat and work 
performance as a result of the loss of sleep. He, too, found 
that heartbeat would drop with the loss of sleep. 
Suhr (51) confirms that heartbeat does decrease slightly 
with continued hours of driving. In addition to the change in 
heartbeat he also noted that the average white blood cell 
count was higher in men who had not driven after having slept. 
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Although the effects diseases have on driving are not 
taken into consideration in this study, an interesting report 
by Arthur D. Little, Inc. revealed (3, pp. 13-14): 
...persons with such diseases as epilepsy, diabetes, 
cardiovascular disease, and mental illness may have 
roughly twice the number of accidents as those with­
out these diseases. These results are not definitive 
and results from different studies frequently do not 
agree.... 
Generally speaking, studies have shown that heartbeat does 
decrease slightly with continued hours of driving. In stress 
situations, however, the results show that there is a signifi­
cant increase in heartbeat. This also was supported by some 
of the preliminary reports in the initial testing of the HSR 
Car by Ford Motor Company. 
As further research is completed, patterns may develop 
which will be helpful in understanding the physiological 
aspects of traffic accidents. 
The Drivometer 
Prior to the HSR Car, the "Drivometer" was the most 
advanced type of equipment available for collecting pertinent 
data on drivers. In fact, its development was a major break­
through in measuring and recording driver behavior (2?). 
Mr. Piatt, along with Dr. Bruce Greenshields, had been instru­
mental in developing the "Drivometer" at the University of 
Michigan under research grants from the Traffic Safety and 
Highway Improvement Department of Ford Motor Company (19). 
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The "Drivometer" has been used in many research projects. 
A few are: driver education programs in Ann Arbor, Michigan; 
a performance rating study in the "Good Driver of the Year" 
contest in Detroit, Michigan in 1963; its use by the Department 
of Public Safety of Kentucky in a Cadet Police Academy; and in 
various driver studies from which data were collected. Through 
the use of computer analysis large numbers of drivers were 
studied whose characteristics were identified and classified. 
Research has indicated that after a one-half hour drive, 
sufficient data could be collected to classify drivers. These 
reports were encouraging and as pointed out by Greenshields and 
Piatt (4l, pp. 3-4) some of the highlights of the classifica­
tion finding were; 
1. Traffic density, from light to moderately heavy 
has relatively little effect on the competent 
driver. 
2. Even very light traffic is of measurable concern 
to the beginner or incompetent driver. 
3. The high-accident driver is the least efficient 
driver, making many more control corrections 
than others. 
4. Drivers with good records are more consistent in 
their control habits and are less seriously af­
fected by distractions and other disturbances. 
5. All drivers reflect, to some degree, their emo­
tional state in their control motions. 
6. Steering reversal rate is primarily a subcon­
scious "flywheel" used by drivers to control 
speed. 
7. Variations in visibility, sight distance (includ­
ing spacing to vehicles ahead) and eye optics 
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cause measurable differences in the number of 
steering reversals of the driver. 
8. Small variations of speed from a norm, for a given 
driver, cause major variations in the steering re­
versals (tracking) rate. This is probably due to 
the desire to track more accurately as speed is 
increased and to accept a wider track below normal 
speeds. 
9. Coordination of vehicle tracking and speed control 
can be detected in the beginning driver and a 
learning curve of a student can be obtained. 
10. Fatigue causes major fluctuations of driver con­
trol motions and resulting vehicle movement 
probably caused by cycles of tension and relaxa­
tion of the nervous system. 
11. Certain individual characteristics, such as aggres­
siveness of a driver, can be recognized by 
accurately measuring time delay and running time 
on a fixed course and comparing them to results of 
a large sample of drivers. 
12. Drivers in the high-accident classification, on 
the average, have significantly different charac­
teristics than drivers with high-violations. The 
high-accident driver tends to be overly cautious, 
and erratic in nature, while the high-violator is 
more competent but aggressive. The high-accident 
driver, because of his accident experience, tries 
to compensate by driving more slowly. The high-
violator, on the other hand, will probably have 
the more serious accident if one occurs, but has a 
lower probability of having an accident than 
anticipated. 
Based on the results of several hundred tests where., the 
Drivometer" was used, the most important results were (44, 
.  8 ) :  
1. Drivers can be classified by statistical methods 
using the results of the tests developed. 
2. High accident drivers have special characteristics 
easily detectable by the techniques developed. 
24 
3. Drivers with excessive number of violations have 
quite different characteristics than the high 
accident driver. 
4. A half hour test is long enough to detect basic 
characteristics of a driver for classification. 
Two runs over the same course is desirable for 
certain comparisons. 
5. Steering wheel reversal rate is the most sensitive 
single measure of the driver, highway and traffic 
conditions. 
6. Vehicle speed changes and accelerator reversals 
are also important variables, particularly in 
evaluating the driver. 
7. Highway characteristics can be classified in re­
lation to their effect on driver behavior. 
The above summarized results of studies using the "Driv-
ometer" indicate how valuable a tool this device really is and 
with modifications may be the answer in helping to predict 
driver behavior before an accident occurs. 
HSR Car 
Although the "Drivometer" was one of the best devices 
developed for the study of drivers, newer and more sophisticat­
ed equipment has been developed, tested, and made operational. 
The HSR Car actually makes use of "Drivometer" equipment, al­
though somewhat modified, and makes use of what is called a 
"Medical Monitor Chair" system. This highly sensitive chair 
measures the heartbeat and breathing rate of a person sitting 
in the chair,through the skin without attaching any electrodes 
to any part of the body. Two of this chair's sensors have been 
modified for use in the HSR Car and they are able to chart a 
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driver's physiological profile by recording heartbeat and/or 
galvanic skin responses. Therefore, the HSR Car not only re­
cords accelerator reversals, brake reversals, and steering 
wheel reversals but also records heartbeat and GSR's as well. 
Thus a truly remarkable piece of equipment is available that 
can record driver behavior as well as driving patterns. 
As stated in a news release from Ford Motor Company (21, 
p. 1), someday this kind of information may go a long way 
toward taking most of the guesswork out of licensing and rating 
drivers. This may not be far off, for the Insurance Company of 
North America is road-testing this car to see if this may be 
the answer in determining insurability. In addition, several 
universities have been scheduled to use this car for specific 
research projects which should add further information in the 
attempt to predict driver behavior and accidents. 
Quoting Mr. Piatt (21, p. 2), manager of Ford's Traffic 
Safety and Highway Improvement Department: 
...Eventually researchers will be able to gather 
information on an instrumented driver in an instru­
mented car on instrumented highways under actual 
driving conditions, simultaneously. 
Summary 
The literature that has been reviewed was an attempt to 
summarize the studies conducted in the five-areas of driver 
fatigue, GSR, heartbeat, the "Drivometer", and the HSR Car. 
As mentioned in the beginning of this chapter no studies were 
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found that combined the above mentioned variables into one 
study simply because the equipment to do so was not available 
until recently. Hopefully, now that this equipment is becoming 
available to various research institutions, the combined ef­
forts will provide valuable information towards the solution 
to one of our nations' greatest social problems, motor vehicle 
accident s. 
27 
METHOD OF PROCEDURE 
Design of the Study 
This study was designed after consulting with various ex­
perts in the area of driver and traffic safety education, 
statistics, and bio-medics, as well as other knowledgeable 
people at Iowa State University. Since the KSR Car was avail­
able for a period of only three weeks, it was desirous to 
develop a plan which would maximize its use. The idea of 
utilizing the greatest number of subjects as well as the 
greatest number of observations, served as a guide in the 
development of the design. Various plans were drawn up, dis­
cussed, and re-worked before the one used was finally selected. 
As seen in Figure 1, 15 subjects were used in the three week 
period. 
The design required that each subject drive five different 
days and at a different time each day. The nature of the de­
sign called for observations of each subject at various hours 
of the day. During each day's drive, which was one-half hour 
in length, 5 six-minute replications of the same experiment 
were conducted. At the conclusion of the three-week period, 25 
observations were recorded on each subject. Thus, using 15 
subjects in the experiment resulted in 375 recorded observa­
tions which the various experts felt was an adequate number 
for a valid statistical design. 
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1®^ Week 
TIME MON. TUES., WED. THURS. FRI. SAT. 
7:00 
^1 ^1 Cl Dl El m 
9:00 
^1 ®1 ^1 °1 
a 
k 
12:00 °1 ^1 ^1 Cl 
e 
3:00 
"l °1 ^1 % u p 
5:00 
^1 ^1 °1 ^1 4 
2^^ Week 
TIME MON. TUES. WED. THURS. FRI. SAT, 
7:00 
^2 ^2 ^2 ^2 m 
9:00 ®2 S a k 
12:00 °2 ^2 -^2 ®2 ^2 
e 
3:00 
^2 °2 ^2 ^2 ^2 
u 
p 
5:00 ®2 ^2 °2 ^2 ^2 
3^^ Week 
TIME MON. TUES. WED. THURS. FRI. SAT. 
7:00 A3 ®3 
"3 ^3 m 
9:00 ®3 A3 ®3 =3 "3 
a 
k 
12:00 
"3 
=3 A3 ®3 O3 e 
3:00 =3 °3 ®3 A3 =3 u p 
5:00 ®3 =3 °3 E3 A3 
Figure 1. Scheduling of subjects 
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Because of the various capabilities and limitations of 
the equipment used in this study the following hypotheses were 
developed. Stated in the null form they are; 
1. There is no significant change in the heartbeat of a 
driver while driving an automobile over an identical 
route five consecutive times in a one-half hour 
period. 
2. There is no significant difference in the galvanic 
skin response of a driver while driving an automobile 
over an identical route five consecutive times in a 
one-half hour period. 
3. There is no significant change in the steering wheel 
reversal rate of a driver while driving an automobile 
over an identical route five consecutive times in a 
one-half hour period. 
4. There is no significant change in the acceleration 
reversal rate of a driver while driving an automobile 
over an identical route five consecutive times in a 
one-half hour period. 
5. There is no significant change in the brake reversal 
rate of a driver while driving an automobile over an 
identical route five consecutive times in a one-half 
hour period. 
6. Time of day does not influence the above results. 
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7. There Is no significant change in blood-pressure 
before or after driving an automobile over an identi­
cal route five consecutive times in a one-half hour 
period. 
Subject Selection 
As stated in the Introduction, the subjects used in this 
study were in attendance at Iowa State University. 
In selecting the subjects, it was desirable to select as 
nearly a homogeneous group as possible. The reason being, 
large numbers could not be tested in the short period of time 
the equipment was available and therefore, it was felt con­
trolling on the type of subjects was extremely important. 
Since the equipment used was a Ford product, only those who 
drove that make of car were used. Since practice drives were 
not possible prior to the experiment, it was felt that the 
subjects thus would not be as unfamiliar with the test vehicle 
as those who did not drive the same make of automobile. 
By searching the registration cards of the campus police 
department the initial population from which the sample was 
drawn was identified. From those records it was possible to 
determine the make and model of each registered vehicle. The 
equipment used was a 196? Mercury with an automatic transmis­
sion, power brakes, and power steering; It was felt to be 
important that the subjects be acquainted with an automobile 
as similar as possible to the one used In this study. 
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Therefore, only those subjects who drove newer model Ford prod­
ucts which had an automatic transmission, power brakes, and 
power steering in their own car were used. 
After the initial population was identified a letter of 
transmittal, along with a questionnaire, was sent to those who 
met the aforementioned restrictions. See Appendix A. From 
the returned questionnaires, it was possible to further screen 
those who wished to participate, making homogeneity possible. 
Once the questionnaires were returned and screened, a 
random sample was drawn. Although only 15 subjects were needed 
for this experiment, more than that number were drawn. This 
allowed for substitutes in the event someone no longer wished 
to participate or could not for some reason or another. Those 
selected were contacted and an orientation session was held. 
This session served also as a further check to determine 
whether the group was as homogenous as expected and also to 
set up the driving schedule. 
Selection of the Route 
The selection of the route was completed after several 
surveys were made within the city limits of Ames, Iowa and the 
campus of Iowa State University. Since this study was concern­
ed with the first one-half hour of driving, no attempt was 
made to select a route such as highways or freeways where a 
person normally does not drive when he first gets behind the 
wheel of his automobile. The selection of the route was 
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narrowed to residential and light city-driving such as is found 
where the subjects normally would begin their driving when 
they first get behind the wheel of their automobile. 
It was necessary that a circular route be established so 
that the experiment could be repeated every six minutes with­
out losing any time. This meant that the routes where probable 
traffic jams and traffic lights might be encountered had to be 
avoided. 
Even with these restrictions, the route had to include 
the following situations: 
1. Right turns 
2. Left turns 
3. Curves 
4. Hills 
5. Varying speed limits 
6. Stop signs 
7. Parked cars 
8. Intersections 
9. Drive-ways 
10. Pedestrians 
Also, a route with a sufficient daily volume of traffic 
was desirable. A route lacking volume would have been of 
little value; this then was another criteria that had to be 
considered. After the final route was selected, the city 
engineers of Ames were contacted to see what their latest 
average daily traffic count was on 13th Street from Stange 
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Road to Ridgewood Avenue where the majority of the route was 
driven. From their survey, it was learned that the average 
dally volume of traffic In this section was 6500 vehicles In 
1967. 
Description of the Route 
The route selected had all of the characteristics mention­
ed as being necessary to conduct the experiment. The route 
began at the corner of Bruner Drive and Stange Road, located 
in the south-west corner of University Village. A left turn, 
following a stop sign, was made onto Stange Road from Bruner 
Drive. Prom this point, the route headed south on the only 
four-lane section of the route to the Intersection of Stange 
Road and 13th Street, where a channelized left turn was made. 
The posted speed limit on Stange Road was 35 miles per hour. 
As the subjects proceeded east on 13th Street the speed limit 
dropped to 25 miles per hour until the wooded S curve was en­
countered, at which time the posted speed limit Increased to 
45 miles per hour. 
Approximately 250 feet east of the S curve, a bridge was 
encountered adding another stress situation. Also, immediate­
ly before and after the bridge the bituminous surface was 
rather rough, more so than on any other part of the route; 
this required more concentration in tracking the vehicle. 
Along a 1000 foot portion of 13th Street, immediately east of 
the bridge, there was a sharp drop-off, creating another 
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stress situation on the two-lane high-speed section of the 
route. 
Approximately two blocks from Crescent Avenue the posted 
speed limit dropped to 25 miles per hour once again. This was 
due to several reasons. One was that a 5% grade began at this 
point and others were the congested residential area and the 
railroad crossing which further added uniqueness to the route. 
At the intersection of 13th Street and Ridgewood Avenue, 
another left turn was negotiated. The route extended north on 
Ridgewood Avenue for one block, then made another left turn 
onto Crescent Avenue, a circular drive. This circular drive 
brought the subjects back to 13th Street where a second stop 
sign was encountered. 
From the corner of Crescent Avenue a right turn was made 
onto 13th Street heading west, following the same route back to 
Stange Road. At the corner of 13th Street and Stange Road a 
third stop sign, and a second right turn were encountered. 
Heading north, the route extended to the corner of Stange Road 
and Blankenburg Drive located at the north-west corner of 
University Village--where another right turn was made. At this 
point, the speed limit dropped to 15 miles per hour. Driving 
east for one block brought the subjects to another right turn 
at the corner of Long Road. Heading in a southerly direction, 
the subjects approached Bruner Drive where the experiment 
originally began and from where each additional replication 
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"began. See Figure 2, an aerial photograph of the route. 
The total miles.traveled each time the subjects drove on , 
this route was 2.8 miles or l4.0 miles each day. 
Collection of Data 
Collection of the data was accomplished in three ways. 
The techniques used were: questionnaires, the HSR Car, and 
personal observations. 
The questionnaire provided three categories of information 
The first included age, sex, and college classification. The 
second provided information on the subjects' driving experience 
driving record, and training. The third part collected infor­
mation about the car driven by the subjects parents' or guard­
ians'. This was for the initial screening of the subjects. A 
few of the subjects did not regularly have a car on campus but 
were driving their parent's or guardians' cars which met the 
requirements for selection. See Appendix A. 
The second and the most important data-collecting tool 
was the HSR Car. Without this equipment it would not have been 
possible to conduct a study of this nature. The equipment mea­
sured, recorded, and stored for computer analysis important 
characteristics of the drivers used. On the outside this 
automobile looked like any other 196? Mercury convertible. 
Inside, however, there was an array of electronic equipment 
such as pulsers, digital counters, and a gold-plated steering 
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wheel capable of sensing the reaction of the driver's body to 
stresses of driving. 
The ESR Car includes (21, p. 2): 
1. A special steering wheel and associated electronics 
which count heartbeat or galvanic skin responses of 
the driver in traffic. 
2. Vehicle control movements by the driver 
- Fine Steering Reversals—required for tracking. 
- Gross Steering Reversals—lane changes and 
turning movements. 
- Acceleration Reversals. 
- Brake Applications. 
3. Vehicle response 
- Speed. 
- Speed Change (acceleration and deceleration). 
- Tracking (same as fine steering reversals). 
4. A display and recording system 
- A 10-counter display for primary variables. 
- A 10-light display panel for secondary variables. 
- A 5-&iglt paper printout for recording on channel 
rate and total. 
- A 20-channel magnetic tape system for continuously 
recording data for 9 hours on one reel at a rate 
of 22 1/2 units per second on each channel. The 
recorder is pre-programmed to prepare the tape 
for computer analysis. 
Figure 3 shows the instrumentation found beneath the 
instrument panel of the HSR Car. 
Figure 4 shows the recording equipment found inside of the 
trunk of the HSR Car where all data are recorded automatically 
on magnetic tape in such a manner that it is compatible with a 
computer for analysis. 
Figure 3. HSR Car instrumentation. 
Figure 4. Recording equipment of the HSR Car as found in the trunk 
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This study called for multiple observations on each sub­
ject for each of the five days that he drove. On any one day, 
the subject drove the same course five times. At the end of 
each course replication a signal was recorded onto the tape 
(see Appendix C) such that the computer output program would 
average the recorded observations on each variable up to that 
point. For example, if a subject's recorded heartbeat over a 
single replication was "64.6", the interpretation of this num­
ber was that the average heartbeat of the subject during that 
course replication was 64.6 per minute. The five course repli' 
cations resulted in 25 recorded observations on each subject 
for every response variable. All observations represent an 
average reading for the replication. 
Once the data were recorded onto magnetic tape, the tapes 
were forwarded to the Computation Center of Ford Motor Company 
for processing. When the computer outputs were returned, all 
recorded observations for each subject for each of the five 
response variables were transfered to 80-column IBM cards for 
purposes of summary and analysis. 
The last technique used in data collection was observa­
tions made by the researcher. Information recorded included 
heartbeat of the subject before and after each day's drive, 
subject's blood-pressure before and after each day's drive 
(taken by a registered nurse), dally weather conditions, and 
any unusual situations that may have arisen during each course 
replication. Additional information on the drivers and road 
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conditions were recorded for further research to be done by 
Ford Motor Company (see Appendix B). 
Treatment of the Data 
The hypotheses to be tested involved six driver response 
variables, which in turn may be grouped into two general 
classifications : 
Physiological response variables 
1. Heartbeat 
2. Galvanic skin response 
3. Blood-pressure 
Driver control response variables 
1. Steering wheel reversals 
2. Accelerator reversals 
3. Brake reversals 
With the exception of blood-pressure, the hypotheses concerned 
the nature of the relationship between the driver response 
variables and the five successive course replications. It was 
desired not only to determine existing differences between 
mean variable responses for the five course replications, but 
also to ascertain the form of the functional relationship. 
For example, does the average heartbeat of a subject (mean 
heartbeat per minute during a course replication) change with 
the number of course replications driven, and if so, what is 
the nature of this relationship or trend? In addition to the 
overall estimation of trend, it was desired to investigate 
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whether the relationship between a response variable and 
course replications varied by the time of day driven. 
In order to estimate the form of the functional relation­
ship between a response variable and course replications, a 
second-degree polynomial was fitted to the five observations 
corresponding to the course replications for each day a sub­
ject drove. The technique of orthogonal polynomials was used 
for the following reasons; (1) the successive terms within 
such an equation are independent; (2) inclusion of the inter­
cept term yields the simple mean of the observations; (3) ease 
and speed of computation. Since each person drove on five 
different days, five separate regression equations were obtain­
ed on each subject. The regression model may be expressed as 
follows : 
^ijk = Vm VLIC ^  ^ Q^Qk 
where = the value of a response variable for the kth 
course replication on the jth day for the 
ith person, where i = 1,2,...,15 
3 ~ lj2,...,5 
k — 1,2,...,3* 
b^ = the intercept coefficient, which is, in fact, 
the mean of the five course replications for 
the ith person on the jth day, or 
k=l 
ij-3 
= the regression coefficient corresponding to 
the linear polynomial term 
bQ'= the regression coefficient corresponding to 
the quadratic polynomial term 
^Mk' ^ Lk' ^ Qk ~ coefficients of the mean (intercept), 
linear, and quadratic orthogonal polynomial 
terms respectively, corresponding to the kth 
course replication. 
The procedure of fitting curvilinear functions using 
orthogonal polynomials is described by Ostle (42, p. 192). 
The values of the orthogonal polynomial coefficients correspond­
ing to each of the five course replications are shown in Table 
1. 
Since five course replications were used, it would have 
been possible to fit terms up to and including the quartic 
(fourth degree) term. However, the objectives were to estimate 
an average function, and therefore the linear term was used as 
an indicator of a linear relationship and the quadratic term 
as an indicator of a curvilinear relationship. 
After regression equations were computed for all subjects, 
differences between response functions were investigated by 
means of analysis of variance procedures. Since each week of 
the experiment was designed as a latin square with columns 
corresponding to days within week, rows representing time of 
day, and persons being the so-called "treatments", the entire 
experiment may be reviewed as three replications of a 5 x 5 
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Table 1. Orthogonal polynomial 
course replications 
coefficient corresponding to 
Course Ortho gonal polynomial coeffici ants 
replication 
1 +1 -2 +2 
2 +1 -1 -1 
3 +1 0 -2 
4 + 1 +1 -1 
5 +1 +2 +2 
latin square design. For each response variable, an analysis 
of variance was computed for the intercept coefficients (mean 
of course replication), the linear regression coefficients, 
and the quadratic regression coefficients. Each analysis was 
based on 75 observations, i.e., three weeks, five subjects per 
week, five days per subjects. Analysis of the intercept 
coefficients provided a comparison of course replication means 
and facilitated the estimation of differences in persons, days, 
times of day, and weeks. Analysis of linear and quadratic 
regression coefficients provided comparisons of course repli­
cation trends between the sources of variations. The hypo­
thetical model used in the analysis of variance was; 
^Lijk = ^ ^ ^ l/i ^Ijkl 
where ~ linear regression coefficient for the 
1th person, kth time of day, jth day, 
within the 1th week 
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p. = the overall or grand mean 
c,. = effect of the 1th week 
Yjy^ = effect of the jth day within the ith week 
= effect of the kth time of day 
(aT)^k ~ effect of the interaction of the kth time 
of day within the ith week 
= effect of the 1th person within the ith 
week 
= random error associated with the 1th 
person, kth time of day, jth day, and ith 
week. 
Computational and test procedures used in the analysis of 
variance were standard in nature. The sources of variation 
isolated were week, day-wlthln-week, time of day, interaction 
of week with time of day, persons within week, and error. The 
interaction, week by time of day, was isolated since time of 
day was considered to be crossed with weeks. The five days 
within each week did not correspond and therefore could not 
logically be considered as crossed with week. Since differ­
ences due to weeks were largely influenced by differing 
persons within each week, the denominator of the P-ratio for 
weeks was the mean square of the source, persons-withln-week. 
All other P-ratlos were formed using mean square error. 
The source of variation directly relevant to the stated 
hypotheses were time of day and persons within week; all other 
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sources of variation isolated by the analysis of variance may 
be considered to have the primary function of error reduction. 
In the analysis of linear and quadratic regression coefficients, 
an F-test also was made on the overall mean, thus providing a 
test of the null hypothesis that the overall mean linear-
quadratic coefficient is equal to zero. 
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FINDINGS 
The problem of subject selection was discussed in the 
preceding chapter. Since homogeneity was desired, careful 
screening procedures were conducted on the returned confiden­
tial information sheets and from the orientation meetings held 
prior to the final selection of the sample. Once the screen­
ing process was completed and when the equipment was made 
available, the experiments began. 
Before the findings are presented, a brief description of 
the sample should be of interest. Data in Table 2 list some 
of the personal characteristics compiled on the drivers such as 
overall mean age, years driving experience, and the model of 
the automobile owned or operated by the drivers. 
Table 2. Personal characteristics of the drivers 
Years driving Model of 
Age experience automobile owned 
Mean 20.6? 5.43 1964.5 
Range 19-25 3-10 1960-1968 
An interesting aspect of the mean model of automobile 
owned by the subjects was, that it was identical with that of 
their parents. This would be expected if the parents and the 
subjects shared the vehicle but they did not. 
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In addition to the above characteristics, the average 
college classification was 2.67 with a range from 1 to 6 years.. 
For this study, a classification of 5 was equivalent to a 
first year graduate student and a classification of 6 was 
equivalent to a second year graduate student. The sample used 
however, contained only one 6 year classification. The re­
mainder were undergraduate students. Other characteristics 
noted were that 6? percent of the drivers had completed an 
approved course in driver education, 53 percent had received 
citations for moving violations, 20 percent were involved in 
"non-chargeable" accidents. "Non-chargeable" meaning they 
were not at fault. Finally, 13 percent were involved in 
"chargeable" accidents where they were found at fault. Thus 
the sample represented a variety of different driving 
backgrounds. 
In order that some degree of uniformity be maintained, 
the findings are presented in the same order as the null hypo­
theses formulated on pages 29 and 30. The findings are_ merely 
presented in this chapter and the discussion of the findings 
is found in the following chapter. 
Heartbeat 
Figures in Table 3 present the F-values determined by the 
analysis of variance for mean heartbeat computed from the 
intercept coefficients. 
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Table 3. Analysis of variance: mean heartbeat rate (averaged 
over five consecutive replications 
Source 
of 
variation 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
square F 
Weeks 2 1.0478 .5239 <1 
Days w/week 12 54.5148 4.5429 1.16 
Time of day 4 20.9702 5.2425 1.34 
Time x week 8 12.6949 1.5868 <1 
Persons w/week 12 33.7378 2.8115 <1 
Error 36 140.5086 3.9030 
Total 74 263.4741 
^The unit of observation was ^  heartbeat rate for the 
jth person within the ith week on the kthday. 
While examining Table 3, one readily can see that none of 
the F-values were significant indicating that the heartbeat of 
the drivers were not affected while driving by week, day, time 
of day, time by week, or persons-within-week. Although no 
significant differences were observed. Table 4 presents the 
overall means by replication, week, and persons-within-week 
and Table 5 presents the overall means by replication and time 
of day. One aspect of interest is that the grand mean was 
observed to be 67.3643 beats per minute over the entire experi' 
ment. Generally speaking, the medical profession suggests 
that the normal heartbeat for a man is between 65 and 70 beats 
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per minute. This being so, the heartbeat remained, in the normal 
range while driving in this experiment. 
Table 4. Overall means of heartbeat by replication, week, and. 
person-within-week 
Persons Eeulication 
Week w/week 1 2 3 4 5 Mean 
I 1 65.980 66.140 65.620 66.460 66.500 66.1400 
2 69.820 67.300 67.240 66.120 66.300 67.3560 
3 69.000 68.100 68.64o 68.160 69.080 68.5960 
O
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O
N
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67.880 65.580 68.440 66.400 66.9920 
5 67.160 65.460 68.040 67.520 67.280 67.0920 
Mean 67.724 66.976 67.024 67.340 67.112 67.2352 
II 1 65.080 64.760 65.060 67.080 67.880 65.9720 
2 65.400 66.600 68.340 68.560 69.650 67.6880 
3 66.360 66.460 67.980 67.680 67.900 67.2760 
4 67.360 67.100 67.400 67.560 67.540 67.3920 
5 69.100 68.240 68.780 67.700 67.960 68.3560 
Mean 66.660 66.632 67.512 67.716 68.l64 67.3368 
III 1 66.540 67.760 67.800 66.100 67.960 67.2320 
2 68.600 67.840 66.920 66.900 67.980 67.6480 
3 66.300 68.620 68.44o 68.320 67.980 67.9320 
4 67.640 67.560 65.580 67.600 66.760 67.0280 
5 68.880 67.840 67.200 67.120 67.780 67.7640 
Mean 67.592 67.924 67.188 67.208 67.692 67.5208 
Over-all mean 67.325 67.177 67.241 67.418 67.656 67.3643 
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Table 5- Overall means of heartbeat by replication and time 
of day 
Time 
of Replication 
day 1 2 3 4 5 Mean 
7:00 67. 1000 67.7867 68.2800 69.1867 69 .3533 68.3413 
9:00 67. 6867 66.4933 66.8333 67.8533 67 .9333 67.3600 
12:00 66. VO
 00
 
0
 
0
 
66.7133 67.1267 66.6000 66 .3200 66.7480 
3:00 66. 9600 67.2133 67.0067 67.3067 67 
0
 
0
 67.1853 
5:00 67. 9000 67.6800 66.9600 66.1600 67 .2333 67.1867 
Mean 67. 3253 67.1773 67.2413 67.4213 67 . 6560 67.3643 
Appearing in Table 6, an analysis of variance of the 
linear regression coefficients of heartbeat revealed a signif­
icant F-value for time of day which indicates that while 
driving in this experiment there was a linear relationship 
during the different times of the day. 
To better visualize the linear relationship illustrated 
by the analysis of variance, the linear regression coefficients 
are presented in Table ? by week and time of day. 
Examining these coefficients, the trend can be visualized. 
The greatest changes noticed were at 7:00, 9:00 and 5:00 with 
very little change taking place at 12:00 and 3:00. Both at 
7:00 and at 9:00 the coefficients were observed to be positive 
which indicates that the heartbeat was lower at the beginning 
of the first replication than at the end of the fifth 
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Table 6. Analysis of variance: linear regression coefficients 
of heartbeat^ 
Source 
of 
variation 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
square F 
Overall mean 1 2.1777 2.1777 3.47 
Weeks 2 3.5676 1.7838 1.96 
Day w/week 12 4.8711 .4059 <1 
Time of day 4 7.0696 1.7674 2.81*^ 
Time x week 8 2.9773 .3721 <1 
Persons w/week 12 10.8775 .9064 1.44 
Error 36 22.6233 .6284 
Total 75 54.1641 
^The unit of observation was the b^ lik» the regression 
coefficients of the linear orthogonal polynomial term from the 
fit of the five consecutive replications for the jth person 
within the ith week on the kth day. 
^In this table and in subsequent tables, a single asterisk 
represents a significant F-value at the five percent level 
of confidence and a double asterisk (**) represents a signifi­
cant P-value at the one percent level of confidence. 
replication. In other words, as the number of replications 
increased so did the heartbeat. At ^:00, however, negative 
coefficients were observed indicating that the heartbeat was 
higher during the first replication than it was by the end of 
the fifth replication. Thus, as driving time increased at 5:00 
the heartbeat decreased. The heartbeat was effected very 
little at 12:00 and at 3:00. 
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Table Linear regression coefficients of heartbeat by week 
and time of day 
Time Week 
of 1 2 3 Mean 
day 
^1 
7:00 .204 1.254 .314 .591 
9:00 .072 .672 .010 .251 
12:00 -.412 .268 — . 286 -.143 
3:00 -.042 .026 .332 .105 
5:00 -.252 -.174 -.430 
00 CM 
Mean -.086 
O
N
 0
 -.012 -.104 
Data in Table 8, an analysis of variance for the quad­
ratic regression coefficients on heartbeat, revealed none of 
the F-values to be significant. From this one can conclude 
that there was not a curvilinear relationship of the heart­
beat while driving in this experiment. 
The tests conducted on the variable, heartbeat, failed to 
reject the hypothesis that there were no significant changes 
in the heartbeat of a driver while driving an automobile over 
an identical route five consecutive times in a one-half hour 
period. No differences in heartbeat were observed over the 
five course replications with the exception by time of day. 
The hypothesis that time of day does not influence heart­
beat was rejected. The computed F-value for -time of day was 
2.81 which is greater than 2.63 needed for significance at the 
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Table 8. Analysis of variance: quadratic regression coeffi 
cients of heartbeat^ 
Source 
of 
variation 
Degrees 
. of 
freedom 
Sum of 
squares 
Mean 
square F 
Overall mean 1 .4011 .4011 1.06 
Weeks 2 .1309 . 0655 <1 
Day w/week 12 3.4352 .2863 <1 
Time of day 4 1.0965 .2741 <1 
Time x week 8 1.8001 .2250 <1 
Persons w/week 12 2.8616 .2385 <1 
Error 36 13.6455 .3790 
Total 75 23.3709 
The unit of observation was the b ij^' regression 
coefficients of the quadratic orthogonal polynomial term from 
the fit of the five consecutive replications for the jth 
person within the ith week on the kth day. 
five percent level. Time of day did have an effect on heart­
beat over the five course replications. 
Galvanic Skin Response 
The analysis of variance for mean GSR readings computed 
from the intercept coefficients, as shown by Table 9> revealed 
that time of day and person-within-week to be significant. 
A significant F-value for persons-within-week is not 
surprising for persons can be expected to differ when a differ­
ent group was used each week. On the other hand, the 
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Table 9» Analysis of variance; mean GSR readings (averaged 
over five consecutive replications)^ 
Source 
of 
variation 
Degrees 
of 
. freedom 
Sum of 
squares 
Mean 
square F 
Weeks 2 .0056 .0028 3.11 
Days w/week 12 .0052 .0004 2.00 
Time of day 4 .0055 .0013 6.50** 
Time x week 8 .0090 .0001 <1 
Persons w/week 12 .0108 .0009 4.50** 
Error 36 .0079 .0002 
Total 74 .0358 
^The unit of observations was GSR for the jth 
person within the ith week on the kth day. 
significance of the F-value for time of day had more meaning. 
This would seem to indicate that the GSR readings were effected 
by time of day while driving an automobile. 
To illustrate the significance time of day played on GSR 
may best be understood by observing the figures in Table 10 
which present the mean GSR readings by week and time of day. 
From this table the conclusion can be drawn that GSR is 
effected by time of day in this experiment and that the hours 
revealing the greatest differences are 12:00, 3'»00, and 5:00. 
The afternoon appeared to have the greatest affect on GSR. 
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Table 10. Mean GSR readings by week and time of day 
Time 
of Week 
day 1 2 3 Mean 
7:00 .0460 .0348 .0232 .0347 
9:00 .04l6 .0348 .0232 .0332 
12:00 .0628 .0496 .0404 .0509 
3:00 .  0668 .0520 .0460 .0549 
5:00 .0500 .0548 .0296. .0448 
Mean .0534 .0452 .0325 .0437 
An analysis of variance of the linear regression coeffi­
cients revealed that time of day, and persons-within-week 
were significant. This is shown in Table 11. 
Prom the results of the analysis of variance on the linear 
regression coefficients, all that can be said is that there 
was a linear relationship of GSR readings by week, time of 
day, and person-within-week. However, when the linear regres­
sion coefficients are presented as in Table 12 by week and by 
person or in Table 13 by week and time of day the linear rela­
tionship is observed to be negative. In other words, as 
driving time increases GSR readings decreased or, the longer 
the subjects drove the more relaxed or calm they appeared to 
become in each period of time. This relationship is very much 
in evidence as observed in Table 13. 
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Table 11. Analysis of variance: linear regression coeffi­
cients of GSR readings^ 
Source 
of 
variation 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
square F 
Overall mean 1 .0216 .0216 308.57** 
Weeks 2 .0014 .0007 3.50* 
Days w/week 12 .0015 .0001 1.42 
Time of day 4 .0016 .0004 5.70** 
Time x week 8 .0002 .00002 <1 
Persons w/week 12 .0025 .0002 2.85** 
Error 36 , .0025 .00007 
Total 75 .0313 
^The unit of observation was the b^, ijks the regression 
coefficients of the linear orthogonal polynomial term from the 
fit of the five consecutive replications for the jth person 
within I,he ith week on the kth day. 
Table 12. Linear regression coefficients 
week and by person 
of GSR readings by 
Person Week 1 u. . 2 3 Mean 
h ^1 ^1 ^1 
i -0.011 -0.009 ^.017 -0.012 
2 -0.029 -0.025 ^.016 -0.023 
3 -0.018 -0.015 0.004 -0.012 
4 -0.028 -0.017 0.010 -0.018 
5 -0.024 -0.020 0.010 -0.018 
Mean -0.022 -0.017 0.011 -0.017 
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Table 13- Linear regress! 
time of day 
on coefficients of GSR by week and 
Time Week 
of 1 2 3 Mean 
day 
^1 ^1 ^1 
7:00 -0.014 -0.009 -0.006 -0.010 
9:00 -0.017 -0.015 -0.008 -0.013 
12:00 -0.028 -0.021 -0.012 -0.020 
3:00 -0.028 -0.020 -0.017 -0.022 
5:00 -0.023 -0.021 -0.013 -0.019 
Mean -0.022 -0.017 -0.011 -0.017 
From data presented in Table l4, the analysis of variance 
of the quadratic regression coefficients of GSR readings, one 
observes that the significant P-values were the overall mean, 
time of day, and persons-within-week. 
The significance of the above values reveal that a curvi­
linear relationship existed. For easier interpretations, the 
quadratic regression coefficients are presented in Table 15 by • 
week and time of day. 
Concluding the findings of GSR, Table l6 revealed the 
overall means by replication, week, and persons-within-week. 
Observing the means revealed a drastic drop from run one to 
run two. Each succeeding run showed a decrease although not 
as drastic. From this table, the relationship between driving 
and GSR can be discerned. 
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Table l4. Analysis 
cisnts of 
secutive 
of variance : 
GSR readings 
replications) 
quadratic 
(averaged 
a 
regression coeffi-
over five con-
Source 
of 
variation 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
square F 
Overall mean 1 .0034 .0034 340.00** 
Weeks 2 .0002 .0001 <1 
Days w/week 12 .0003 .00002 2.00 
Time of day 4 .0002 .00005 5.00** 
Time of week 8 .0001 .00001 <1 
Persons w/week 12 .0003 .000025 2.50* 
Error 36 .0004 .00001 
Total 75 .0049 
The unit of observation was the b_ î t V } the regression 
coefficients of the quadratic orthogonal' polynomial term from 
the fit of the five consecutive replications for the jth 
person within the ith week on the kth day. 
Table 15. Quadratic regression coefficients of GSR by week and 
time of day 
Time Week 
of 1 2 3 Mean 
day \ 
7:00 0.008 0.002 0.002 0.003 
9:00 0.006 0.005 0.004 0.005 
12:00 0.011 0.008 0.006 0.008 
3:00 0.011 0.009 0.006 0.009 
5:00 0.008 0.007 0.006 0.007 
Mean 0.009 0.006 0.005 0.006 
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Table l6. Overall means of GSR readings by replication, week, 
and person-within-week 
Persons 
Week w/week 
P.er)licati on 
Mean 1 2 3 4- 5 
I 1 .0960 .0480 .0260 0.260 .0220 .0444 
2 .13^0 .0820 .0480 .0320 .0300 . 0684 
3 .0920 .0360 .0220 .0180 .0120 .0360 
4 .1460 .0740 .0440 .0300 .0260 .0640 
5 .1240 .0600 .0380 .0320 .0180 .0344 
Mean .1216 .0600 .0364 .0276 .0216 .0534 
II 1 .0620 .0300 .0260 .0220 .0200 .0320 
2 .1300 .0680 .0400 .0280 .0240 .0580 
3 .0880 .0480 .0380 .0280 .0240 .0452 
4 .0960 .. .0480 .0300 .0280 .0220 .0448 
5 .1020 .0520 .0380 .0240 .0140 .0460 
Mean .0956 .0492 .0344 .0260 .0208 .0452 
III 1 .1020 .0400 .0360 .0300 .0220 .0460 
2 .1060 .0460 .0400 .0300 .0260 .0496 
3 .0200 .0060 .0060 .0060 .0020 .0080 
4 .0600 .0340 .0280 .0200 .0180 .0320 
5 .0560 
0
 
0
 
0
 .0200 .0140 .0140 .0268 
Mean .0688 .0312 .0260 .0200 .0164 .0325 
Overall mean .0987 . 0468 .0323 .026j .0196 .0437 
The hypothesis that there is not significant difference 
in GSR of a driver while driving an automobile over an identi­
cal route five consecutive times in a one-half hour period is 
rejected. Differences were observed in GSR over the course 
replications, 
The hypothesis that time of day does not influence gal­
vanic skin response was also rejected. A significant differ­
ence was revealed in GSR by time of day over course 
replications. 
Steering Wheel Reversals 
An analysis of variance for mean SR rate as computed from 
the intercept coefficients, illustrated that day-within-week, 
time of day, time by week, and persons-within-week were 
significant. This is observed in Table 1?. 
To illuminate Table 1?, the mean SR's by day, week, and 
time of day are presented in Table 18. The means did not form 
any noticeable pattern until the over all mean by days was 
observed. Here a general trend was seen and if the means were 
plotted a consistent drop in SR from day one to day five could 
be observed,—with the exception of day five when a slight 
increase was noted. 
Data presented in Table 19» the mean SR rate by replica­
tion, week, and persons-within-week did not reveal any 
noticeable trend which could be readily interpreted. 
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Table 17. Analysis of variance: mean steering reversal rate 
(averaged over five consecutive replications)^ 
Source Degrees 
Of of Sum of Mean 
Variation freedom sq_uares square F 
Weeks 2 109.5785 54, .7892 <1 
Days w/week 12 236.7522 19. .7293 6.98** 
Time of day 4 51.1153 12. ,7788 4.52** 
Time x week 8 80.6334 10. ,0792 3.57** 
Persons w/week 12 916.3110 76. ,3592 27.01** 
Error 36 101.7603 2. ,8266 
Total 74 1496.1507 
^The unit of observation was steering reversal rate 
for the jth person within the ith week on the kth day. 
As demonstrated in Table 20, the analysis of variance of 
the linear regression coefficients for SB's found the F-values 
for the overall mean and days-within-week to be significant. 
The significance of the F-value for the overall mean and 
for dayc-within-week is more meaningful when the coefficients 
are available as they are in Table 21. 
Observing the linear regression coefficients for SR rate 
to be negative indicates that SR's would lessen throughout the 
day. In other words, by the end of each day the SR rates were 
lower than they were in the beginning of the day. This does 
I 
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Table 18. Mean steering reversal rate by day, week, and time 
of day 
Tine of Day 
Week day Î 2 3 5 5 Mean 
I 7:00 31.320 26.660 24.980 30.080 30.280 28.6640 
9:00 31.100 34.380 27.640 27.940 24.740 29.1600 
12:00 24.080 38.500 34.l40 33.200 30.920 32.1680 
3:00 32.580 30.590 22.100 32.000 31.240 29.7000 
5:00 28.960 35.640 35.480 22.940 30.740 30.7520 
Mean 29.608 33.152 28.868 29.232 29.584 30.0888 
II 7:00 33.740 25.660 28.420 27.820 28.340 28.7960 
9:00 33.920 24.160 26.820 30.740 22.300 27.5880 
12:00 32.140 29.860 30.940 24.940 24.240 28.4240 
3:00 36.460 27.640 25.360 30.300 33.660 30.6840 
5:00 26.760 36.320 25.720 29.880 31.380 30.0120 
Mean 32.6o4 28.728 27.452 28.736 27.984 29.1008 
III 7:00 34.400 22.220 30.620 21.040 26.640 26.9840 
9:00 29.700 32.360 22.200 26.520 20.660 26.2880 
12:00 26.000 30.060 30.140 19.620 30.560 27.2760 
3:00 24.160 31.140 23.060 32.980 28.560 27.9800 
5:00 33.780 23.820 36.440 22.560 20.040 27.3280 
Mean 29.608 27.920 28.492 24.544 25.292 27.1712 
Overall mean 30.607 29.933 28.271 27.504 27.618 28.7869 
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Table 19* Mean steering reversal rate by replication, week, 
and persons-within-week 
Persons Replication 
Week w/week Î 2 3^ ^ 5 Mean 
I 1 34.340 34.849 32.400 31.700 32.340 33.1240 
2 ' 34.580 32.640 32.^ 20 33.120 30.300 32.6320 
3 24.940 24.300 23.540 23.860 23.880 24.1040 
4 31.300 31.880 32.780 32.000 31.580 31.9080 
5 29.240 28.620 28.220 28.460 28.840 28.6760 
Mean 30.880 30.456 29.892 29.828 29.388 30.0888 
II 1 26.720 26.460 28.240 27.060 25.860 26.8680 
2 31.700 30.440 31.360 30.980 29.400 30.7760 
3 29.040 29.620 28.600 28.560 32.340 29.6320 
4 33.200 34.700 30.740 32.600 31.560 32.5600 
5 25.660 25.940 25.720 25.780 25.240 25.6680 
Mean 29.264 29.432 28.932 28.996 28.880 29.1008 
III 1 33.140 35.940 33.540 33.040 31.080 33.3480 
2 28.360 28.300 28.440 28.100 28.300 28.3000 
3 22.240 23.820 23.260 22.980 22.280 22.9160 
4 23.400 20.940 20.700 22.440 20.760 21.6480 
5 29.480 29.760 29.920 29.460 29.600 29.6440 
Mean 27.324 27.752 27.172 27.204 26.4o4 27.1712 
Overall mean 29.156 29.213 28.665 28.676 28.224 28.7869 
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Table 20. Analysis of variance: linear regression coeffi­
cients of steering reversals^ 
Source 
of 
variation 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
square F 
Overall mean 1 4.1772 4.1772 6.41* 
Weeks 2 .6412 .3206 <1 
Days w/week 12 16.6293 1.3858 2.13* 
Time of day 4 1.2064 .3016 <1 
Time % week 8 4.9910 .6238 <1 
Persons w/week 12 8.3883 .6990 1.07 
Error 36 23.4746 .6520 
Total 75 59.5080 
The ujait of observation was b]_ 3 the regression coef­
ficients of the linear,orthogonal polynomial term from the fit 
of 'the five consecutive replications for the jth person within 
the ith week on the kth day. 
Table 21, Linear regression coefficients of steering reversals 
by week and by day 
Week 
Day 2 3 Mean 
^1 • \ 
1 0.154 -0.518 -0.662 -1.026 
2 -0.018 -0.460 0.252 -0.226 
3 -0.888 0.942 -0.722 -0.668 
4 -0.862 -0.096 0.184 -0.774 
5 -0.120 -0.470 -0.246 -0.836 
Mean 
-0.347 -0.120 -0.237 -0.706 
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Table 22. Analysis of variance: quadratic regression 
coefficients of steering reversals^ 
Source 
of 
variation 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
square F 
Overall mean 1 .2049 .2049 <1 
Weeks 2 
.3532 .1768 <1 
Days w/week 12 2.6811 .2234 <1 
Time of day 4 3.6321 .9080 1.95 
Time x week 8 6.0810 .7601 1.63 
Persons w/week 12 4.7214 .3934 <1 
Error 36 16.8049 . 4668 
Total 75 34.4789 
The unit of observation was bg the regression coef­
ficients of the quadratic orthogonal polynomial term from the 
fit of the five consecutive replications for the jth person 
within the ith week on the kth day. 
not imply SE rate dropped progressively by day but rather 
within each day. 
The F-values of the analysis of variance of the quadratic 
regression coefficients reported in Table 22 were found to be 
non-significant. From this a conclusion may be drawn that a 
curvilinear relationship was not present. 
The hypothesis that there is no significant change in the 
SR rate of a driver while driving an automobile over an 
6? 
identical route five consecutive times in a one-half hour 
period is rejected. SR's were effected over the course 
replications. 
The hypothesis that time of day does not influence steer­
ing wheel reversal rates is also rejected. Differences were 
observed at different times of the day over the course 
replications. 
Accelerator Reversals 
The analysis of variance, for the AR's, computed from the 
intercept coefficients is reported in Table 23. In this table, 
the F-values that were found to be significant were days-
within-week and time of day. 
Table 23. Analysis of variance: mean accelerator reversal 
rate (averaged over five consecutive replications) 
Source Degrees 
of 
variation 
of 
freedom 
Sum of 
squares 
Mean 
square P 
Weeks 2 1.3857 .6928 <1 
Days w/week 12 0.8588 .7157 7.39** 
Time of day 4 2.0877 .5219 5.39** 
Time x week 8 1.1492 .1436 1.48 
Persons w/week 12 19.9683 1.6640 1.72 
Error 36 3.4865 .0968 
Total 74 28.9362 
The unit of observations is the mean accelerator 
reversal rate for the jth person within the ith week on the 
kth day. 
68 
For the clarification of the significant values found in 
the table above, the mean AR's for day, week, and time of day 
are given in Table 24 and the mean AR's for replication, week, 
and persons-within-week are presented in Table 25» 
After careful examination of the mean AR tables, a few 
conclusions can be drawn. In Table 24, a specific pattern of 
the means are missing. If the means were plotted and" then 
connected by a line this line would reveal high and low points 
of AR but not in a manner which could be explained easily. In 
other words, the increases and decreases of AR's do not seem 
to be correlated by day and week. However by time of day the 
mean AR's tend to be higher at 12:00, 3:00, and 5:00 than at 
7:00 or 9:00. This seems to indicate that the afternoon hours 
effect AR's more so than do the morning hours. 
Upon examining Table 25, the mean AR's by replication, 
week, and person-within-week a definite trend appears. On the 
average, AR's tend to decrease with each replication. This is 
especially noticeable when one observes the overall mean. 
Also, one cannot help but notice that at 5:00 a reverse rela­
tionship to the trend took place. At 5:00 a slight increase 
in AR's was in evidence. 
To determine if there was a linear function with AR, an 
analysis of variance on the linear regression coefficients 
was performed and as indicated by Table 26, the only P-value 
found to be significant was for persons-within-week. Once 
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Table 2k. Mean accelerator reversals "by day, week, and time 
of day 
Time of Day 
Week day 1 2 3 4 5 Mean 
I 7:00 2.680 1.480 2.020 2.680 1.940 2.1600 
9:00 2.120 2.720 2.440 2.160 1.440 2.1760 
12:00 1.540 3.600 2.680 3.120 2.480 2.6840 
3:00 3.080 . 2.300 1.360 2.480 3.100 2.4640 
5:00 2.340 2.320 3.060 1.520 2.680 2.3840 
Mean 2.352 2.484 2.312 2.392 2.328 2.3736 
II 7:00 2.140 2.900 2.300 2.060 2.100 2.3000 
9:00 2.940 2.180 3.280 2.600 1.620 2.5240 
12:00 2.560 2.840 3.420 2.080 2.620 2.7040 
3:00 3.800 2.320 2.780 2.920 2.700 2.9040 
5:00 2.400 4.060 2.220 3.820 3.000 3.1000 
Mean 2.768 2.860 2.800 2.696 2.408 2.7064 
III 7:00 2.900 1.880 2.540 1.580 2.940 2.3680 
9:00 2.660 2.940 2.060 3.500 1.580 2.5480 
12:00 1.780 2.640 3.240 1.700 3.100 2.4920 
3:00 2.220 2.880 1.720 2.900 2.900 2.5240 
5:00 3.040 1.920 3.220 3.620 1.820 2.7240 
Mean 2.520 2.452 2.556 2.660 2.468 2.531% 
Overall mean 2.547 2.599 2.556 2.583 2.401 2.5371 
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Table 25. Mean accelerator reversals by replication, week, and 
person-within-week 
Persons Replication 
Week w/week 1 2 ' 3 ^ 5 Mean 
1 3.180 2.720 3.240 2.740 2.800 2.936 
2 2.640 2.280 2.080 2.280 2.260 2.308 
3 1.720 1.340 1.480 1.460 1.340 1.468 
4 3.260 2.920 2.940 2.720 2.640 2.896 
5 2.440 2.280 2.220 2.300 2.060 2.260 
Mean 2.648 2.308 2.392 2.300 2.220 2.374 
2.076 
2.800 
3.052 
3.196 
2.408 
2.706 
III 1 3.100 3.240 2.780 3.140 2.800 3.012 
2 3.360 3.180 2.800 2.280 2.740 2.872 
3 2.180 1.660 1.720 1.480 1.540 1.716 
4 2.260 1.820 1.820 1.900 1.880 1.936 
5 2.980 2.920 2.880 3.300 3.520 3.120 
Mean 2.776 2.564 2.400 2.420 2.496 2.531 
Overall mean 2.799 2.551 2.485 2.419 2.432 2.537 
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Table 26. Analysis 
cients of 
of variance ; 
accelerator 
linear : 
reversal 
regression coeffi-
rate& 
Source 
of 
variation 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
square P 
Overall mean 1 .6161 .5616 3.82 
Weeks 2 .0131 .0065 <1 
Days w/week 12 .0803 .0070 <1 
Time of day 4 .0974 .0235 1.60 
Time x week 8 .0934 .0117 <1 
Persons w/week 12 .6488 .5407 3.68** 
Error 36 .5309 .0147 
Total 75 2.0255 
The unit of observations was the regression 
coefficients of the linear orthogonal polynomial term from the 
fit of the five consecutive replications for the jth person 
within the ith week on the kth day. 
again, persons can be expected to differ by week since each 
week represented a different group. The linear regression 
coefficients are presented in Table 27. 
Testing for a curvilinear relationship of AR, an analysis 
of variance was performed on the quadratic regression coeffi­
cients. The results portrayed in Table 28 revealed the 
overall mean to be significant but the effects of week, days-
within-week, time of day, time by week, and persons-within-
week were non-significant. 
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Table 27. i/lnear regression coefficients of accelerator 
reversal rate by week and person 
I'Jeek 
Person 1 2 3 Mean 
Oi 
1 -.074 -.142 -.070 -.095 
2 -.076 -.012 -.214 -.101 
3 -.064 -.132 -.146 -.114 
4 -.144 -.258 - .  068 -.157 
5 -.074 .030 .146 .102 
Mean -. 086 
-.095 -.070 -.073 
Table 28. Analysis of variance: quadratic regression coeffi 
cients of accelerator reversal rate& 
Source 
of 
Variation 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
square F 
Overall mean 1 .1038 .1038 12.50* 
Weeks 2 .0118 .0059 <1 
Days w/week 12 .1199 .0100 1.20 
Time of day 4 .0284 .0071 <1 
Time x week 8 .0269 .0034 <1 
Persons w/week 12 .0672 .0056 <1 
Error 36 .3002 -.0083 
Total 75 .6582 
^The unit of observation was the bg^j^, the regression 
coefficients of the quadratic orthogonal polynomial term from 
the fit of the five consecutive replications for the jth 
person within the ith week on the kth day. 
I 
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Table 29» Quadratic regression coefficients of accelerator 
reversal rate by week and person 
Week 
Person 1 2 3 Mean 
1 .014 .027 — « 010 .010 
2 .077 .003 .081 .054 
3 .026 .054 .061 .047 
4 .020 .076 .  066 .054 
5 - .001 .004 .073 .025 
Mean .027 .035 .054 .038 
The quadratic regression coefficients are presented in 
Table 29 and are helpful in interpreting the significance of 
the overall mean. The positive quadratic regression coeffi­
cients thus point out that a curvilinear relationship does 
exist. 
The hypothesis that there is no significant change in the 
AH rate of a driver while driving an automobile over an iden­
tical route five consecutive times in a one-half hour period 
is rejected. Significant differences were observed over 
course replications. 
They hypothesis that time of day does not influence 
accelerator reversals-is likewise rejected. Time of day did 
affect AE's significantly. 
74 
Brake Reversals 
The final variable tested using the HSR Car was that of 
BR'3. The analysis of variance for mean BR was computed from 
the intercept coefficients and revealed that only persons-
within-week to be significant. As mentioned previously, this 
is to be expected when a different group of subjects was used 
each week. Data in Table 30 reveal the computed F-values. 
Table J O .  Analysis of variance: mean brake reversal rate 
(averaged over five consecutive replications)^ 
Source 
of 
variation 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
square F 
Weeks 2 .3674 .1837 <1 
Days w/week 12 .7234 .0603 1.63 
Time of day 4 .2683 .0671 1.82 
Time x week 8 .5032 .0631 1.71 
Persons w/week 12 8.3036 .7086 19.20*-
Error 36 1.3294 .0369 
Total 74 11.6973 
^The unit of observation was the mean brake rever­
sal rate the jth person within the itih week on the kth day. 
The mean BR's by person-within-week are presented in 
Table 31-
The analysis of variance performed on the linear and 
quadratic regression coefficients illustrated in Table 32 and 
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Table 31. Overall means of brake reversal rate by replica­
tion, week, and person-wlûhin-week 
Persons Replication 
Week /.-/ivsek 12 3^5 Mean 
I 1 1.788 2.000 2.100 1.880 I.98O 1.9480 
2 1.960 1.860 1.980 1.960 2.000 1.9520 
3 1.440 1.540 1.660 1.540 1.580 1.5520 
4 1.900 1.940 1.900 1.760 1.640 1.8280 
5 2.340 2.300 2.480 2.260 2.140 2.3040 
Mean 1.884 I.928 2.024 1.880 1.868 I.9168 
II 1 1.740 1.720 1.800 1.580 1.700 1.7080 
2 2.260 2.300 2.120 1.940 2.020 2.1280 
3 2.260 2.160 2.080 2.220 2.220 2.1880 
4 2.340 2.760 2.120 2.140 2.600 2.3920 
5 1.560 1.700 1.740 1.600 1.780 1.6760 
Mean 2.032 2.128 1.972 I.896 2.064 2.0184 
III 1 1.920 2.200 2.160 2.000 2.020 2.0600 
2 1.780 1.920 1.780 1.920 2.120 1.9040 
3 1.460 1.600 1.660 1.580 1.600 1.5800 
4 1.980 1.860 2.060 I.98O 1.940 1.9640 
5 2.780 2.820 2.880 3.120 3.040 2.9280 
Mean 1.984 2.080 2.108 2.120 2.144 2.0872 
Overall mean I.967 2.045 2.035 1-965 2.025 2.0074 
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Table 32. Analysis 
cients of 
of Variance: 
brake raver 
linear regression 
sal rate®' 
coeffi-
Source 
of 
variation 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
square F 
Overall mean 1 .0308 .0308 2.16 
Weeks 2 .0400 .0200 2.25 
Days w/week 12 .1025 .0085 <1 
Time of day 4 .0502 .0126 <1 
Time x week 8 .0490 .0061 <1 
Persons w/week 12 .1068 .0089 <1 
Error 36 .5115 .0142 
Total 75 .8909 
The unit of observation was iik' regression 
coefficients of the linear orthogonal polynomial term from the 
fit of the five consecutive replications for the jth person 
within the ith week on the kth day. 
Table 33 respectively revealed no significant F-values, A 
linear or a curvilinear relationship for BR did not exist. 
Since this is so, it can be said that week, time of day, time 
by day, days-within-week, and persons-within-week had no 
effect on BR, 
The hypothesis that there is no significant change in the 
BR rate of a driver while driving an automobile over an 
identical route five consecutive times in a one-half hour 
period is rejected. A significant difference was observed in 
BR's over course replications. 
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Table 33• Analysis 
cients of 
of variance: quadratic 
brake reversal rate& 
regression coeffi-
Source 
of 
variation 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
square F 
Overall mean 1 .0115 .0115 1.49 
Weeks 2 .0118 .0059 1.44 
Days w/week 12 .1194 .0010 <1 
Time of day 4 .0340 .0085 1.10 
Time x week 8 .0436 .0055 <1 
Persons w/week 12 .0487 .0041 <1 
Error 36 .2763 .0077 
Total 75 .5453 
The tests conducted on brake reversal rate failed to 
reject the hypothesis that time of day does not affect BR rate 
during course replications by time of day. 
Blood-Pressure 
Recording blood-pressure was not within the capability of 
the HSR Car thus the blood-pressure readings of the subjects 
had to be taken manually. The researcher not having proper 
training to take blood-pressures relied on the services of a 
registered nurse. 
Blood-pressures were taken before the first replication and 
again at the end of the fifth. No attempt was made to take 
blood-pressure readings during or between replications. 
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Blood-pressures were not recorded continuously as were the 
other variables, therefore, a test of significance was not 
computed. Also, since blood-pressures in an individual can 
vary within a matter of seconds it was felt that the best way 
to present these readings was to table the mean blood-pressures 
before and after driving by the different times of the day. 
These means are reported in Table 34. 
Table 34. Mean blood-pressure by time of day before and after 
each run 
Time of .day 
Blood-pressure 7:00 9:00 12:00 3:00 5:00 Mean 
Before driving 114/64 116/66 116/68 116/70 116/68 116/68 
After driving 112/64 112/66 110/64 112/66 112/64 112/66 
Observing these means, it can be said that they were in the 
normal range. Generally speaking, normal blood-pressure for a 
man is 120/80 and the blood-pressures of the subjects used in 
this study remained in the medically defined normal range. 
The range of the recorded blood pressures both before 
driving and after driving is presented in Table 35. 
Since blood-pressure can vary so rapidly, and since age, 
weight, height, and other numerous factors can affect blood-
pressure this variable was pursued no further. 
The hypothesis that there is no significant change in 
blood-pressure before or after driving an automobile over an 
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Table 35 .  Blood-pressure range before and after driving 
Range 
Blood-pressure 
High Low 
Before driving 138/66 96/58 
After driving 130/78 90/46 
identical route five consecutive times in a one-half hour 
period is rejected. From the observations, no diffsrence was 
indicated during course replications on blood-pressure. 
The hypothesis that time of day does not influence blood-
pressure is rejected. No differences were noticed in blood-
pressure during the course replication by time of day. 
Summary 
In conclusion, the findings just presented were the re­
sults of the hypotheses tested. Heartbeat and BE was effected 
the least throughout the experiment while GSR, SB, and AR was 
affected to such a degree as to warrant further investigation. 
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DISCUSSION 
The objective of this study was to observe what effects 
driving had on certain physiological aspects of selected 
drivers. In addition to the above objective, vehicle control 
movemen'cs of the drivers were observed. As determined by the 
equipment used and the design of the study, the variables in­
volved were: heartbeat, galvanic skin response, steering 
wheel reversals, accelerator reversals, brake reversals, 
blood-pressure, and time of day. As in the previous chapter, 
the discussion of the results has been organized in the same 
order as the hypotheses were stated. 
Heartbeat 
Although the analysis of variance revealed no differences 
on the intercept coefficients, a premature conclusion should 
not be dra:\m. As a result of testing the linear regression 
coefficients 5 the analysis of variance exposes a significant 
P-value for time of day which indicated differences in the 
function of course replications and heartbeat between differ­
ent times of the day. Because of this relationship, observa­
tion of the linear regression coefficients was necessary. From 
such observation, the times of 7:00, 9:00, and 3:00 revealed a 
positive relationship and the times of 12:00 and 5:00 revealed 
a negative relationship. 
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Interpretation of the positive coefficient s indicates that 
as the subjects began driving at 7:00, 9:00, and 3:00 their 
heartbeat increased as the number of replications increased 
(time). For example, when a subject began his first replica­
tion at 7:00, his heartbeat was lower than it was by the time 
he finished his fifth replication which was approximately 
thirty minutes later. 
A possible explanation for this trend might be due to the 
absence of heavier traffic during those hours. By the nature 
of the route, the peak hours for traffic were from 7:30 to 8:00 
in the morning, 12:00 to 12:30 in the afternoon, and from 5'00 
to 5:30 in the evening. Thus at 7:00, 9:00, and 3:00 there 
was a lull in traffic density which might have required less 
concentration on the subject's part. 
The time periods of 12:00 and 5:00 revealed negative re­
gression coefficients which indicated a reverse trend from the 
other time periods. Interpreting these negative coefficients 
it can be said that for those two specific time periods the 
heartbeat was higher when the subjects first began driving and 
as replications increased (time) heartbeat decreased. An 
immediate suggestion why this reverse relationship might have 
occurred is that traffic conditions at 12:00 and 5:00 were 
more congested than at any other time of the day. The increase 
in traffic was especially noticeable during the first two or 
three replications. Thereafter, the traffic subsided considerably. 
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Basically, the suggestion as to why positive and negative 
relationships occurred at the different times of day does not 
imply these are the only reasons for this relationship but 
they are felt to be important contributors. 
Even though increases and decreases were observed during 
the various times of the day, heartbeat was not greatly 
effected. This is in evidence by the overall means presented 
earlier. 
Galvanic Skin Response 
Before discussing the results of GSE, a brief description 
of the recording device should be mentioned. Developed by 
Philco-Ford Corporation, the unit recorded only true GSR 
(positive slope signals, lasting for one second or longer). 
If a positive GSR event occurred for one second or longer, the 
signal was recorded onto the magnetic tape. 
As mentioned earlier, the HSR Car was capable of recording 
heartbeat and GSR through the steering wheel, although not 
simultaneously. However, heartbeat and GSR could be recorded 
simultaneously providing a set of electrodes were used. The 
design of this study called for the collection of both heart­
beat and GSR thus it was necessary to use the electrodes. It 
was through the electrodes that the GSR's were collected, with 
heartbeat collected through the steering wheel. 
Recent studies indicated that one of the best places to 
attach electrodes for specifically recording GSR was on the 
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left ankle and foot area. This also was where the placing was 
suggested by the Philco-Ford Corporation and this was where 
they were placed. 
Because of the ground work for collecting GSE completed 
by several earlier researchers and because of the equipment 
already developed, the task of collecting GSR for this study 
was a relatively easy task. 
Observing the means of GSR by time of day indicated the 
hours of 7:00 and 9:00 to be significantly lower than those 
of 12:00, 3:00, and 5:00. A partial answer for this differ­
ence probably lies in the fact that'traffic was considerably 
heavier in the afternoon than in the morning. This same 
observation was noted for heartbeat. This observation is 
supported by Michaels(37) who reported greater GSR readings 
when subjects were confronted by heavier traffic conditions. 
Activities of the day could be another reason why time of 
day revealed noticeable differences. The mornings were prob­
ably relatively free from worries, anxieties, or other prob­
lems which could affect GSR. Darrow (15) tends to support 
this theory as his study found events of the day to affect 
GSR. From his study, the later part of the day generally 
revealed higher GSR readings. 
Individual differences play an Important part in the 
collection of GSR. Thus, instead of listing several GSR pro­
ducing events, the plan was to narrow down the basic cause, 
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which is believed to be the differences in the traffic pat­
terns found at the different times of the day. 
Studying the means of GSR by persons and by replication 
revealed some very interesting observations. As noted, the 
mean GSR readings reduced almost by one-half from replication 
one to replication two. Thereafter, the reduction was less 
drastic—although continuous. The decrease in GSR indicated 
differences in the function of course replication between 
different times of the day. This was portrayed in Tables 11 
and 12 which revealed a negative linear relationship. In­
terpreting this means that the GSR readings reduced by 
replication. Also, Table l4 indicated a curvilinear relation­
ship or as course replications increased, GSR's decreased at 
a decreasing rate so indicated by the positive quadratic re­
gression coefficients. These decreases in GSR deserve special 
attention for this relationship was in evidence for every 
subject, at every time period throughout the entire experiment. 
The drastic reduction of GSR between replication one and 
replication two is believed to be caused by a number of rea­
sons. One, the feeling is that the nature of the experiment 
caused GSR readings to increase to some extent. For example, 
attaching the electrodes to the subject's foot and/or record­
ing the blood-pressure before the experiment began could have 
had some affect on the subject which in turn could have 
effected GSR. However, once the experiment got under way it 
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was suspected that the uneasiness or apprehensions diminished 
and as a result GSR's reduced. If preparing the subjects for 
the experiment did effect GSR then this would partially ex­
plain the reasons why higher GSR readings were so much in 
evidence during the first replication. However, it is not 
believed that this was the determining factor for higher GSR 
readings during the first replication of the experiment. 
Another reason why GSR was significantly higher during 
the first replication might be due to the fact that the sub­
jects were not familiar with the vehicle. This would be 
expected if the subjects had driven the vehicle only once or 
twice but they drove the vehicle for five consecutive days 
which should have controlled on this since they were experi­
enced drivers. Without a doubt, driving a completely differ­
ent automobile from that of their own probably had some effect 
on the subjects but to what extent is not known. 
All of the reasons mentioned above and others not men­
tioned could have and probably did have an effect on GSR. 
However, the one reason not mentioned to this point which seems 
to hold the key as why GSR's were more predominant during the 
first replication than during the other four was the "warm-up" 
effect. A theory was formulated that drivers (all drivers) 
are not at their best or performing their best when they first 
begin a drive. In other words, possibly more attention is 
required during the first few minutes of driving so that the 
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"body has time to adjust to the driving task. If "warm-up" is 
the key reason why GSR's were higher in the beginning of the 
experiment as compared to those at the end (a period of 
approximately thirty minutes), then more research must be con­
ducted on the first few minutes of driving in an attempt to 
determine how a driver may better prepare himself. Hopefully 
the results of this study will encourage further exploration 
into the "warm-up" theory and the effect it has on driving. 
_ _ Steering Reversals 
SE like GSR proved to be rather interesting. Observing 
the overall mean of SR one can see a general trend develop. 
As noted in Table 18» each day that the subjects drove, their 
SR's reduced from that of the previous day. Since SR's re­
duced consistently from each previous day, with the exception 
of day five when a very slight increase was noted, it would 
appear that three definite factors are involved. These are 
familiarity, anxiety, and the "warm-up" effect. 
Since this was a strange vehicle, the subjects had to 
familiarize themselves with the handling characteristics of the 
vehicle which probably resulted in frequent deviations with the 
steering wheel. Each successive day, the familiarity factor 
was not involved as much. 
Anxiety may have caused the subjects to have higher SR's 
during the first day as compared to each successive day simply 
because they were not sure what to expect. After the first 
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day the experiments were routine In nature and thus the sub­
jects were not as apprehensive. In addition, a certain amount 
of noise was present from the digital counters which often 
caused the subjects to glance at them to see what was happen­
ing. Many of the subjects thought that if they made a mistake 
the counters would register. Since there were ten counters 
collecting different kinds of information continuously, this 
noise was always present. Once the subjects understood this 
they became less curious and as a result they were not con­
stantly glancing to observe the counters. 
The linear regression coefficients which were negative, 
indicated that SR's were more frequent in the beginning of the 
day and as the day progressed, SR's decreased. This relation­
ship was observed each day that the subjects drove. As a re­
sult of this observation, the "warm-up" theory seems to exist 
once again. Since SR's were higher in the beginning of the 
day and decreased as the day progressed, it would seem that 
the drivers did settle down and do a better job of driving. 
This theory must be pursued further before a conclusion can be 
drawn however. 
Traffic conditions probably had some effect oh SR but 
there is no evidence to support this. Although traffic condi­
tion is an inherent variable, no correlation can. be made 
between traffic conditions and SR at this time.' 
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Accelerator Reversals 
Like GSR, the time of day that revealed the greatest 
change in AR's was 12:00, 3:00, and 5:00. Since AR*s are 
related directly to speed changes, the logical conclusion as 
to why these times of the day affected AR's seems to be re­
lated directly to traffic density. In other words, the 
greater the amount of traffic, the greater the number of AR's. 
At the hours of 12:00, 3:00, and ^:00 the traffic was much 
heavier. Using an identical route throughout the entire experi­
ment should have kept AR's fairly consistent and it was for 
this reason that traffic density was suspected to have caused 
the differences observed. 
The test of significance on AR's illustrated that persons-
within-week differed. Observing the means of AR for persons-
within-week, a consistent drop in AR's were noted. As the 
number of replications increased, the average number of AR's 
decreased. This is believed to be, in part, due to the lack 
of familiarization. 
Becoming familiar with the route could have affected AR's 
since the subjects were not acquainted with the route prior to 
the first day they drove. This would explain why AR's were 
higher for replication one, on day one, but this does not 
explain why AR's always were higher every day on replication 
one as revealed by the linear regression coefficients. 
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Since familiarization does not seem to answer the question 
as to why AR's were consistently higher during replication one, 
it is felt that the answer once again may lie in the "warm-up" 
theory. After having completed the first replication, the 
drivers probably were adjusted sufficiently to the driving 
task such that their normal driving pattern was established. 
The implication was that the acceleration and decceleration 
patterns were less frequent and as a result, vehicle control 
was much smoother. 
Brake Reversals 
Differences were noted for persons-within-week dealing 
with BR. Previously mentioned, differences are to be expected 
since a different group was used each week. In general BR's 
were not affected to any.degree to warrant further discussion. 
Blood-Pressure 
Although blood-pressures were recorded before and after 
each experiment, nothing unique or significant was observed. 
Providing blood-pressures could have been recorded continuously 
throughout the entire experiment, interesting results might 
have been revealed but this was not possible at the time. 
Summary 
In general, the findings were most interesting. To be 
expected, some of the findings were not as significant as the 
researcher had hoped. 
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Generally speaking, the effect driving had on heartbeat 
was negligible. Although there were a few isolated cases 
vdiere heartbeat increased above the normal range, the grand 
mean heartbeat was 67.3643 which was in the normal range. The 
medical profession considers a normal range for the male 
heartbeat to be between 65 and 70 beats per minute. Thus, 
heartbeat was not effected to any degree throughout the 
experiment. 
The results of GSR were very interesting. As noted in the 
analysis of variance on the intercept coefficients, GSR was 
effected by time of day and persons-within-week. In every 
driving period between the first and second replications, a 
drastic decrease of approximately ^0% was noticed. From 
replication two to replication five, the decrease was not as 
drastic. This trend or pattern was noticed for every subject, 
at each time period, every day throughout the entire experi­
ment. These findings revealed that as the number of replica­
tions increased, GSR's decreased. 
As indicated in the analysis of variance of the intercept 
coefficients SR's were effected by days-within-week, time of 
day, time by week, and persons-within-week. SR's, like GSR, 
also were reduced as the number of replications increased 
during each time period. The reductions of the SR's were not 
as predominant as GSR but nevertheless this relationship was 
in evidence. Reduction of SR's per minute indicated that the 
1 . ,  
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subjects tracked the vehicle better as the number of replica­
tions increased. This also held true progressively from day 
one to day five. 
AR's did not reveal as much as might be expected. The 
noticeable trend of AR was that as the number of replications 
increased the number of AR's decreased slightly overall. A 
conclusion from this can be drawn suggesting that with fewer 
AR's for each replication the subjects changed speeds less 
often. In other words, they were driving at a more constant 
rate as replications increased. 
The results of BR were negligible. In fact, the only 
significant finding was that persons-within-week differ which 
was to be expected since a different group was used each week. 
Thus, BR was not effected by weeks, days-within-week, time of 
day, or time by week. 
The effect driving had on blood-pressure was not tested 
as previously mentioned; however, by the recorded readings 
blood-pressure appeared to be normal both before and after 
each day's drive. 
Finally, observing the effects time of day had on the 
variables tested shows that GSR, SR, and AR were affected 
significantly by time of day. 
92 
SuKMAEY 
This study was developed to acquire further information 
about and a better understanding of the physiological changes 
that take place in a driver of an automobile during the first 
one-half hour of driving. The specific objectives of this 
study were: 
1. To determine what effect driving had on the physio­
logical response variables of heartbeat, GSR, and 
blood-pressure. 
2. To determine what effect driving had on the driver 
control response variables of SR, AR, and BR. 
Because of the nature of the study, a special instrument 
was necessary in order to accomplish the above objectives. 
The special instrument used was the HSR Car (Highway Systems 
Research Car) developed and furnished by Ford Motor Company. 
The equipment recorded physiological data, vehicle control 
movements, and vehicle dynamics. 
The subjects used for this study were male students be­
tween the ages of 18 and 25 in attendance at Iowa State 
University. Homogeneity being desired, subject selection was 
controlled as much as possible. For example, only those who 
drove Ford products were considered and of those only the ones 
who had an automatic transmission, power brakes, and power 
steering were accepted. Since the HSR Car had that type of 
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equipment it was felt the subjects should be acquainted with 
that type. 
The design of the study was structured so that a cross 
section of different times of the day were observed as well 
as different days in the week. The time periods used during 
the experiments were 7:00, 9:00, 12:00, 3:00, and 5:00. Each 
time the subjects drove, which was at a different time during 
a five day block, they repeated the course five times in a 
one-half hour period. Thus, in five days, twenty five obser­
vations were recorded on each of five subjects. This same 
design was used each week for three weeks. 
The variables involved in the study were: heartbeat, 
GSR, SR, AR, BR, blood-pressure and time of day. From the 
hypotheses formulated and tested the results were as follows: 
1. Heartbeat tends to vary by time of day while driving 
in this particular experiment. The greatest vari­
ations in heartbeat were noticed at 12:00 and at 
5 : 0 0 .  
2. GSR was effected by time of day. The hours of 12:00, 
3:00, and 5:00 revealed the greatest differences. 
3. SR's were effected by days and time of day for the 
subjects used in the study. 
4. AR's like GSR were effected by time of day. The 
hours revealing the greatest differences were the 
same as for GSR. 
5. BR's were not effected while driving except that 
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persons-within-week varied. This was to be expected 
when a different group was used each week. 
6. Blood-pressure was not effected significantly either 
before or after the experiment. 
7 .  Time of day effected all of the variables with the 
exception of BR's. 
Motor vehicle accidents are becoming the nation's largest 
health problem. As a result of motor vehicle accidents 53»000 
people are.losing the lives annually which averages out to be 
a little over 1,000 every week. From these figures alone, 
not including the injuries and the economic loss incurred 
should be overwhelming evidence that additional research and 
continued research must be encouraged if this social problem 
is to be controlled. 
As a result of this study, recommendations for further 
research are presented; 
1. Since GSR was effected so drastically during the first 
few minutes of a one-half hour drive, further study 
of this phenomena and the implications should be 
encouraged. 
2. A study should be made of blood-pressure readings 
continuously while driving to see if driving effects 
blood-prèssure and if so, what are the implications. 
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The "warm-up" theory seems to offer many avenues for 
research, especially since GSR, SE, and AE were 
effected during the early part of a drive in this 
study. Further study should be made of the theory. 
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IOWA 8TATK UNlVKiiHITY 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
Ames» Iowa 50010 
D E P A R T M E N T  O F  E D U C A T I O N  
Iowa State University is conducting research in the area of driver and 
traffic safety education and is in the process of making an initial search 
for drivers who would like to participate in this endeavor. The nature of 
this research requires that those who are selected drive an instrumented 
vehicle which will collect physiological data as well as information about 
driving patterns. 
Basically, those selected will drive this particular automobile for 5 
one-half periods which will be completed in a five day block of time for 
which the participants will be compensated* 
The data collected will be held in the strictest confidence and in no 
way will an individual be identified in the study. 
You have been selected, through our initial canvass of Iowa State 
University students, to participate in this research project. If you wish 
to participate, please fill out the enclosed confidential information sheet 
and return it by mail in the enclosed self-addressed envelope. If you are 
not interested, please return the confidential information sheet unanswered. 
Your response will be greatly appreciated. 
Sincerely, 
Department of Education 
Robert J. Lauda 
Researcher 
Dr. Lillian G. Sohwenk, Head 
Safety Education and Research Program 
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CONFIDENTIAL 
INFORMATION SHEET 
General Informationt 
1, Name: 
(last) (first) (middle) 
2, College address: _____________________________________________________________________ 
3. Phone: __________ U* Birth date: Month Day Year 
5. Sex; Male Female 6. Resident of lowai Yes _____ No _____ 
7# Classification: Fir. Soph, Jr. Sr. 
Driving Information^ Experience, and Record: 
8, Do you have an automobile on campus? Yes ___ No _____ 
9. If you answered question 8 yes, please fill in the following: 
Make of automobile _____________________ Year _____ 
10, If you answered question 8 yes, please check the items your automobile has; 
Automatic transmission ______ 
Power brakes _____ 
Power steering 
11, Do you possess a valid driver's license? Yes _____ No ____ 
12, Have you completed an approved course in driver education? Yes _____ No _____ 
13, How many years driving experience have you had? _____ 
14, Have you had any moving violations in the past 5 years? Yes _____ No ____ 
15, Have you had any non-chargeable accidents in the past 5 years? Yes ____ No 
16, Have you had any chargeable accidents in the past 5 years? Yes ____ No ___ 
17, Has your license been suspended at any time in the past 5 years? Yes _____ No 
Parent or Guardian Information; 
18, Do your parents or guardian own an automobile? Yes _____ No ____ 
19, If you answered question 18 yes, please fill in the following: 
Make of automobile Year ______ 
20, If you answered question 18 yes, please check the items their automobile hast 
Automatic transmission ________ 
Power brakes ______ 
Power steering ______ 
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BASIC DRIVER INFORMATION FOR 
HIGHWAY SYSTEMS RESEARCH 
FORD MOTOR COMPANY 
To be filled out by driver following first test run — OMIT ITEMS MARKED WITH ASTERISK 
1 2 3 4 5 6 7 8 9 1011121314 15 
z z z 
Last Nome 
1617 
Initials 
18 
Male Female 
19 20 
m 
Age 
21 
I 1 
Excellent 
5 1 
Poor 
How do you rate 
yourself as a 
dri ver 
Excellent 
22 
Poor 
Professional 
Rating 
1 
23 
Y es No 
Driver Education 
24 25 
m 
Years 
Driving Experience 
2627 
dnn:] 
What State 
Drivers License 
28 
• 
Number 
Moving Violotions 
in last 2 years 
29 30 
• • 
Number *Checked 
Reportable Accidents 
in last 10 years 
GENERAL PHYSICAL CONDITION 
31 
1 
Good Deficient Unknown 
32 
• 
Sight 
1. Glasses while 
driving 
2. Limited 
PHYSICAL DEFICIENCIES 
33 
• 
Hearing 
1. Hearing Aid 1. 
2. Deaf in one 2. 
ear 3. 
3. No hearing 
34 
• 
Physical Defect 
Limited use of arm(s) 
Limited use of leg(s) 
Loss of limb(s) 
35 
• 
Cardiac 
1. Minor 
2. Major 
36 
• 
Emotional Problem 
1. Controlled 
2. Serious 
37 
• 
*Verified 
Explanatory Notes: 
Date of First Test; j !_ j 
Month 
Liri 
Date 
LJ 
Year 
REVISED: 11-1-67 
TRAFFIC SAFETY AND HIGHWAY 
IMPROVEMENT DEPARTMENT 
Lû8 
TRANSIENT CHARACTERISTICS FOR 
HIGHWAY SYSTEMS RESEARCH 
FORD MOTOR COMPANY 
To be filled out by observer or driver ofter each te»t run — OMIT ITEMS MARKED WITH ASTERISK 
Lost Name 
•10 il 4243 44 
Initials 
• 
Month Date Y ear 
Test Number; 
4546 
CD 
Time at Start 
49 505152 
47 
1 2 
AM PM 
^Standard Test No, 
46 
• 
Day of Week 
Sundoy - \ 
Saturday - 7 
Vehicle information; 
53 
• 
''Vehicle Code 
54 
• 
No. of Occupants 
Traffic Conditions; 
Visibility: 
1 
None Light Medium Heavy Variable 
56 
1 
Day Night Dawn Dusk 
Limited by: 
Roadway Type; 
(If not standard 
test) 
Rood Surface; 
Temperature; 
Wind Conditions: 
Driver Condition: 
57 
1 8 
None Sun Rain Snow 
Light—Heavy Light-Heavy 
Fog 
Light—Heavy 
58 
Windshield 
Fogging 
1 
Urban 
Street 
Urban 
Freeway 
59 
Residential Rural Interstate 
1 5 
Dry Wet Ice Snow 
60 
Slush 
80® 45° to 80° 25° to 45° 
6 1  
Below 25° 
1 
None Light Crosswind Heavy Crosswind Variable 
62 63 64 65 66 
• • • • • • 
1. Normal Induced Emotional Fatigue Medication 
2, Unknown Stress Stress 
68 69 70 7172 
• Il 2 L A .  _5_ 
'Tape F IST .1 .5 1.0 10 
Speed 
Test Truck 
67 
• 
Alcohol 
73 74 75 76 
E 
Time Increment for Output 
*Reel 
Number 
Start Stop 
File 
HIGHWAY SysteM Research car 
FORD MOTOR COMPANY 
DATA SHEET 
a.m. 
Driver:_ Date: Starting Time; p.m. 
Location at Start: Location at End: 
Route Followed: Standard Test Number: 
:0P ROW BOTTOM ROW 
#1 #2 #3 #4 #5 #6 #7 #9 #10 #11 
File 
Sub 
Total 
Total 
Time 
Running 
Time Miles 
Speed 
Change 
Steer 
ing Brake 
Accel 
erator 
Lane 
Change 
Heart 
beat GSR Signal 
NOTES; INSTRUCTUIONS 
- Reset counters to zero before start of run. 
- Take data at end of each file. 
- Start new page after each stop. 
- Fill out BASIC DRIVER FORM. 
- Fill out TRANSIENT DATA FORM* 
TAPE RECORDER DATA 
Traffic Safety and Highway 
Improvement Department 
Approximate Recording Time;_ 
Reel Number: 
Revised 11-1-6? Pile Numbers: 
Start Stop 
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APPEND] 
hlGHWAY SY8T3MS RESEARCH CAR 
•Q f 
Tc get the best service from any automotive vehicle, 
proper service a'/.d maintenance is important, but with the ESR 
Car iù is more than important it is critical. If the tire 
pressure is not precise, the battery is low, or the engine 
runs' erratically because of lack of lubrication or collant it 
will have definite effect on the results of the tests 
performed. 
'ore the first run each day, check: 
Tires 
Pressure; 2^ front 
28 rear 
(pressure gauge is in the glove 
box) 
- Lights 
Turn signals 
',,'ipers 
Horn 
Oil level 
and clean all windows 
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Operations Manual 
Highway Systems Research Equipment 
1967 Model 
General ^escri^tion 
The I-IS?. Car is equipped with a number of sensors which 
originate signals from the manual controls 01 ;he vehicle, a 
clock and speedometer. The signals are transmitted to ten 
individual counters in a counter display box mounted under 
the glove bo:-:. 
The sensors 3 the counters, and their control box make up 
the basic Highway Systems Research instrumentation. The sys­
tem is turned on by lifting the silver switch marked COuKTSH 
when the car ignition switch is ON. 
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w/ O — 
i. sJ «-/bw — Û13 MEASURES total tir^e the counter 
svritch is turned on -- in l/lO 
minu-e intervals. 
Running Time MEASURES time car is in motion 
' . — in 1/10 minute intervals. 
Mileage Z-ISTAaCE traveled in 1/100 mile 
intervals. 
Speed Change COUNTS the increase and decrease 
(Absolute Accelera­
tion) in speed of car — 2 miles per 
hour increments. 
Steering Reversals COUNTS the number of reversals 
(Car Tracking) 
of direction of the steering 
wheel — two degrees or more in 
either direction. 
Brake Applications COUNTS number of times the brake 
is depressed 1/8 inch or more. 
Accelerator Reversals COUNTS the number of reversals 
(Change in power) 
of accelerator pedal -- i/o inch 
or more travel of pedal up or 
down (half count each way). 
Lane Change and COUNTS the reversals of the 
Turns 
steering wheel of 12 degrees £r 
more in either direction. 
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9 Heartbeat COUNTS the number of heartbeats 
when driver has both hands on 
the steering wheel, one on each 
side of the black lines. 
IC Stress COUNTS the number of times the 
(Galvanic Skin 
P.esponse) driver responds to some emotion­
al stimulus., relative zo the 
driver's norm. (The tape record­
er gives the tot, 
the GSE signal). 
Li.-/ht l--anal - Used in conjunction with tape recorder to 
monitor channels 11 to 20: 
11 Accelerator COUNTS the number of times the 
^-..oelerator -oedal is released. 
- "CO xb upen i or 
Special Sensors 
19 Sub-Toual Button (White Cord). 
20 • Nanual signal for driver or observer code (Black Cord). 
for study and comparison 
.h. five-migiû printer locatea to tne lar rig^t oi' tne cis-
play pi.nel is connected to the steering wheel reversal sensor 
(#5 counter). The printer is turned on at the control box by 
lifting the silver counter switch marked PEINTSH when the 
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G:'j 
 ^ —, •* every minute :vhile the three right hand digits 
bO to Lai each minute, doth are printed every minute. 
Hate/minute rotal 
±-.iC; iSLic;,j_-L switch at the bottom of the printer is for re­
setting only. V/hen it is moved to the DOWN position, all five 
digits 7;ill be reset to zero at the next minute. After numbers 
reset "co zero, raise switch to UP position. 
The printer paper can be replaced by unscrewing the knob 
at the top and pulling the ring at the bottom, removing the 
the housing. Place in the new paper roll. u.:ii u iiwui 
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The middle (silver) dial turns just a few degrees clock­
wise or counter-clockwise and the arrow indicates the reading 
available through the ELECTRODES connector, Conversely, the 
steering wheel reading is opposite the arrow indication. 
If simultaneous readings are being made, it is recommend­
ed that the dial be set on GSR and the electrodes placed on 
the driver's left instep and ankle. 
The graduated control on the left provided adjustment to 
obtain the best heartbeat (ECG) signal for each individual. 
If the ECG is intermittent or too fast an adjustment of one 
or two points from top center will usually correct it. (The 
GSR is electronically self-nulling and does not have an ad­
justment. Expect a lag of approximately two seconds from the 
stimulus to the beginning of the GSR signal.) 
The small OFP-On switch at the top center of the Monitor 
only control the ECG (red) and GSR (yellow) indicator lights. 
This switch does not turn off the unit. 
Tape Recorder 
Operating Procedure 
Before Testing 
1. Disconnect four latches (2 front - 2 rear) on metal 
box labeled TAPE RECORDER and remove cover. 
2. Remove large cap screws from top of reel by twisting 
counter clockwise. 
3. Place magazine tape reel on supply reel (rear). 
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s-VPPUY REEL.-

122 
Ta-'5 Pacorder 
Ooerattnz Prosecureg 
( con cir.uca) 
LI -2-2 is core th?,::. half usad, sind remainder on 
cake up reel. Forward to Computer Cancer (or 
ycher designated place) vrich label marked out not 
.Cued to reel. This is che operator's signal that 
:he cape nusc be rewound. 
:f cape is less than half used, remind on original 
reel and £;lue marked label to reel. 
1. Start car engine and allow .car to ^aro up so it will 
no'c stall. (The power to restart car will short out 
the recorder and the sequence for turning on the 
tape recorder will have to be started over if the 
car does stall.) 
2. Turn ON the yellow PO'^vSE switch on the remote control 
panel. 
- The yellow light (invercer on) will come on and 
the volt meter will move to ûhe green on the dial 
(24 to 30 volts) when the car is id 
eve cne green curing opération cX kv 
- if voltage is low, s; 
aô enc oi cms manual. 
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Ta/pe Eecorder 
Qperatiry procedures 
(continued) 
3. /7a 11 approximately 20 seconds for the red and green 
lights to corne on. 
- The green light (marked ready) indicates the 
recorder is vrarcisd up. 
- The red light ^  not involved at "chis ti&e. 
4. Push green switch (marked tape rasec on remote con­
trol panel) to right and hold for an instant, but no 
longer than one-half second. This operation is 
necessary only each time the P0W3R is turned off and 
on again. 
- The tape recorder is now ready to record. 
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•j.'a-0 3 rie o os-
>erat'.:".a: Procédures 
( coritlnuea.; 
"••."hen ready to start test run turn ON the blue 
2ZC0RD32 switch to begin recording. 
- As noted before ûhe counter switch must also be on 
in order to energize the sensors. 
The co^^uter is designed to total the data au "cne ena o: 
each file. 'Ihe end of file" is xade as follows: 
1. Turn OF? blue R3C0EDZ3. switch, and wait for red 
light ir.arhed 0? RECORD to cone on. (This may 
tahe 15 seconds.) 
2. Turn OFF the COUhTSR switch on the H3R control "oane" 
• tely, 
Depress the ilIvD OP Fi^E button for approximately one 
aec( 
The DIxD OF PILE button may be depressed any time 
after the red light appears, but Hiust be depressed 
before the recorder is started again or no end of 
file will be indicated. 
'Data will not be recorded on the tape when counter 
switch is turned off. However s it is possible to put in "enc 
of file" mark without turning off counters or resetting them, 
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Tape Recorder 
Operating Procedures 
(continued) 
- Allow a two-second delay following depression of 
END OF FILE button before starting the record 
again. 
CAUTION: When the test is completed do not turn POWER 
or ignition OFF for several seconds after de­
pressing END OF PILE button to allow time to 
record. 
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Obtaining Subtotals Within Files 
1. Depress white button on the white cord for an instant 
at the exact time or location that a subtotal is 
desired. 
- The subtotal count will register on channel 
#19, and the computer program is designed 
to give subtotal reading (without standard 
•deviations and range). 
Explanation of Record Length and "End of File" on Tape 
Recorder 
The digital tape recorder automatically receives elec­
tronic signals (from the interface) indicating a pre-set record 
length selected for a particular computer program. The red 
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light on the remote control panel will flash at the end of 
each record while the tape is running. 
The recorder is set for a speed of 22-1/2 bits/second 
(on each of the 20 channels). With this setting the red light 
will flash approximately 15 second intervals. 
CHECK LIST -
Sequence of Switches to Operate HSR Equipment Including 
Tape Recorder 
To Turn On Code 
1. Car ignition — on Ignition key 
2. Start car and wait until it is 
running smoothly 
3. Reset counters manually and printer 
(see instructions) 
4. Counter switch — on Silver (left) 
Sensors — #1 through #8 only 
5. Remote control power — on - optional Yellow 
Sensors — #9 and #10 
6. Printer switch — on - optional Silver (right) 
7. Tape recorder power — on - optional Yellow 
When green light appears Green 
reset switch to the right for an 
instant. (Not required again 
until power is turned off.) 
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Counter switch — on Silver (left) 
Record (after reset) .— on Blue 
Printer switch — on - optional Silver (right) 
To End File (Tape Recorder) 
1. Tape recorder — off 
wait for red light 
2. Counter switch off (will also stop 
printer) 
3. Push end of file 
4. Wait for 2 seconds minimum 
5. Ready to start new file or 
6. Shut off remote control power to 
tape recorder 
7. Car ignition — off 
To Start New File Without Stopping 
1. Turn on Counter Switch (if it was 
turned off) 
2. Turn on Recorder Switch 
Blue 
Silver (left) 
Red 
Yellow 
Key 
Silver (left) 
Blue 
To Turn off Recorder After End of File 
1. Wait for 3 seconds (minimum) after EOF 
button has been pushed 
2. Turn off Power Switch on Remote Yellow 
Control Panel 
3. Turn off ignition after Power is off. 
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Manual Signal - Channel #2 
Black button permits^driver or observer to code informa­
tion on tape. Button and cord are located under medical 
monitor box. 
Trouble Shooting 
Master fuse ; 
Voltage ; 
Located under hood on right fender. Spare 
fuses (30 amp) in box in glove compartment. 
Warning ; Remove and replace fuse box top 
carefully. It is a snap fit and if dropped 
could cause a short circuit. 
If voltage meter does not come to green 
when car is at normal idle: 
1st check battery charge, and 2nd 
adjust Variac control in the trunk. 
The normal Variac setting is 6l. 
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In case of unexplained malfunction: Check the following 
switches and wiring in trunk. 
1. Power Maker (Inverter) - Switch OFF 
2. Power Maker cord to transformer 
3. Transformer cord (grey) to Variac 
4. Variac cord to tape recorder 
5. Transformer switch on top to "2X OUTPUT" 
6. Transformer switch on front "MEDIUM" 
7. Tape recorder switch to left. 
For additional information call; 
F. N. Piatt - Ford Motor Company-
Code 313/322-9171 
